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■vSOIL COLLOIDS AND THE SOIE SOLUTION* . 


j&Y FRANK K. CAMERON* 


To no branch of modan scientific inquiry does there 
pertain a more confusing literature than to soil chemistry. 
In this confusion there has been developed a special termin¬ 
ology founded on misconceptions and false analogies, but re¬ 
tained with an amazing perversity. 

' For instance, the addition of lime either as calcium hy- 
drat^ or as carbonate, to most soils, induces conditions es¬ 
pecially favorable to the growth of certpiin types of plants, 
such as the clovers, alfalfa, etc. Again, most soils when wetted 
and brought into close contact with blue litmus paper redden 
the paper. Hence, it appears, judging from current litera¬ 
ture, that the vast majority of soils are “acid,” in spite of the 
facts: (I) that some soils to which lime has been added suffi¬ 
ciently to induce good growth of clover will yet appear to redden 
litmus paper more vigorously than otljer soils which will 
not support the clover effectively; and (2)^ that the reddening 
of the litmus paper is, in most cases, a rather obvious phenome¬ 
non of selective absorjjtion; and (3) that these same “acid” 
soils yield aqueous extracts, which, when boiled to expel car¬ 
bon dioxide, are more often alkaline than neutral and quite 
rarely acid. I'he terra “acid” soil l>eing approj)riated then 
to mean a soil which better* supports certain crop plants after 
being limed, how may one with propriety designate that soil 
occasionally encountered whose aqueous extract shows the 
actual presence of a soluble acid, i. c., responds to the test for 
a hydrogen ion? 

It has long been the -fashion with many writers on soil 


chemistry to asci^^be ^e power sjiqwn by soils in absorbing 
potltssiiun from-^jtjbeous! s<fijitiot3|^ of potash salts more rapidly 
relatively tl^ absorb, s^um, aluj certain other bases. 


U. s. •Dti 


‘syinpostuan eti colloid chemistry during the 
mmingSyf Oiei^al ^iety. ^ 

Jnveltjgations, Bureau of Soils, 
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to the formation and presence of zeolites in the soil. There 
appears to be geological and petrographical evidence that 
zeoUtes are, or may be, deposited at ordinary temperatures 
from aqueous solution. But as has been shown elsewhere, 
the concentration of “free” alkali in the solution from which 
such a deposition might conceivably take place, must be far 
higher than could ever exist in a soil fit for the production of 
crop plants;* and furthermore, no reputable observer has 
ever yet reported actually seeing a zeolite in a soil, although 
many hundred soil samples have now been examined by trained 
microscopists with this special purpose in mind. By some it 
has been claimed that the soil zeolites are sub-microscopic, 
and exist in the clay particles only, and since the assumption 
of colloids in soils has become common nowadays, it is even 
postulated that the soil zeolites are in the “colloid condition,” 
which is clearly a mere juggling of terms with a confusion of 
ideas. 

It is to be feared that the term colloid, as commonly used 
in soil literature, is not entirely free from the same character 
of objection applying to acid soils and soil zeolites. I rofessor 
Remsen once designated basic sails as a “sink of iniquity into 
which we cast compounds we do not understand.” Acid soils, 
soil zeolites, and soil colloids appear to be such sinks, and the 
colloid sink to be the deepest of them all. 

While, with a large proportion of the writers on soil topics, 
colloids seem to be nothing more or less than a sufficient if 
dernier ressort to explain things when they are not ingenious 
enough to devise some other explanation, the subject has been 
approached seriously. It will be well, before proceeding, to 
call attention to some of the arguments which are usually 
advanced to demonstrate the existence of colloids in soils. 

Van Bemmelen,^ because of the numerous apparent 


^ Proceedings of the Eighth International Congress of Applied Chemistry, 
New York, 1912, Vol. XV, pps. 43-48. < 

* Landw. Versuchs St., 35, 67-136 {1888); 37 » 347^73 (1890); Zeit. anorg. 
Chem., 22 , 313-79 C1899); 23, 321-72 (l90oj; 42, 265-324 (1904); 46, 322-57 
(1910). 
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parallelisms between the properties of soils and colloids, con¬ 
sidered the only rational explanation to be the presence of 
colloids in soils. As supporting this conclusion, he extracted 
a number of Dutch soils and some of foreign origin with 
aqueous solutions of acids of various concentrations. In a 
similar way, he examined mechanical separates of soils. From 
these data he classified the soils according to the ratio of re¬ 
acting weights of alumina to silica or to some of the bases ex¬ 
tracted by the acids. Because, in general, these ratios were 
not w^hole numbers, he concluded that many of the soil com¬ 
ponents, especially in the finer state of division, could not be 
definite compounds; hence, they must be .something else, 
V. e., colloids. 

As further proof of the existence of colloids in the soils, 
van Bemnielen advanced the results of experiments on the rate 
of evaporation of w’ater from wet soils, which rates he found 
to be but little different from the rate obtaining with a surface 
of free water. 

CushmarF found that on wet grinding of a silicate, the 
grains were coated with a gel, colloid or “pcctoid” which could 
be dyed. vSjollema* considers that practically all the soil 
components, excepting quartz grains and undecomposed 
mineral fragments, are colloids because they are colored by 
organic dyes. 

Atterberg considers the physical properties of the soil 
to be the properties of colloid more or less modified by the 
prCvSence of coarse particles. He maintains that the colloid 
properties give the only rational basis for soil classification, 
and has devoted’^ much energy to developing methods for 
measuring the colloid properties. 

Russell, who stands deservedly in the first rank of present- 
day investigators of soil phenomena, takes very strong ground. 
He regards thje clay fraction of a soil as a colloid because of 

^ Bull. No. 9a, Bureau of Chemistry, U. S. Dept, of Agric., 1905. 

* Landw. Versuohs St., 53, 67 (1905). 

* See for instance, II Agrogeologen Konferenz, Stockholm, 1911, p. 5» 
seq.; KoUoid Chem. Beih., 6, 55-B9 (19*4)- 



4 


Frank K. Cameron 


its plasticity, a fact also noted by van Bemmelen and numerous 
other writers. He also notes that, in some clay suspensions 
Brownian movements can be observed, and that clay suspen¬ 
sions are markedly affected by the addition of small amounts 
of electrolytes and some other substances, showing floccula¬ 
tion and deflocculation phenomena. The wetted soil shows 
the very similar, if not identical phenomena, of “crumbing” 
on the one hand and “puddling” on the other. 

Russell' holds that the “clay” particles of the soil form 
“compound particles” which are responsible for most of the 
inherent characteristics of a soil, the properties of these com¬ 
pound particles being the properties of colloids. In discussing 
the medium from which plants derive their sustenance, he 
says it “is a colloidal complex of organic and inorganic com¬ 
pounds, usually more or less saturated with water, that en¬ 
velopes the mineral particles; it is, therefore, analogous to 
the plate of nutrient jelly used by bacteriologists, while the 
mineral particles serve mainly to support the medium and 
control the supply of air and water and to some extent the 
temperatures.” Russell even goes so far as to divide modern 
soil chemists into two schools on the ba.sis of a belief in the 
existence of soil colloids, to wit: “(i) the nature of the col¬ 
loidal substances in the soil; the.se are supposed by van Bem¬ 
melen and his school to be decomposition products of weathered 
silicates, and by Whitney to be particles of any composition, 
provided the size is sufficiently small; (2) the constitution of 
the soil solution, van Bemmelen supposing it to be in equi¬ 
librium with a solid solution or colloidal complex, and, there¬ 
fore, to depend as to its concentration on the masses of its 
constituents present in the complex, while Whitney supposes 
it to be in equilibrium with definite silicates and to be constant 
in concentration.” 

Throughout the literature, even the most recent, there 
seems to be an implication that colloids are possessed of mys- 


‘ "Soil Conditions and Plant Growth,” by Edward J. Russell, Dr. Sc., 
(Eond.), Longmans, Green & Co., London, etc., 19x3, pp. 56-9, 75-7, no. 
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terious, almost “imcanny” properties. The term “colloid” 
in soil work, at least, has tended to promote a confusion of 
ideas, make against clear thinking, and all too frequently 
has been an excuse for mental laziness. The time has now 
come, and especially because of the prominence given to col¬ 
loids in Russell’s very important monograph, when the situa¬ 
tion must be faced frankly. 

If Professor Bancroft’s definition of a colloid is accepted 
as simply “a phase sufficiently di\'ided”' there can be no 
argument that colloids exist in the soil. A soil contains 
particles of all mechanical sizes, down to below recognition 
by the microscope and towards an indeterminate minimum. ’ 
Thus the amount of surface exposed in the soil is very large, 
even enormous, as compared with the mass of the components. 
Surface effects, especially adsorptions, crumbing (possibly 
flocculation) and puddling (possibly deflocculation) are very 
pronounced, and the chemistry of the soil, as has been pointed 
out elsewhere, is to a large eJtent the chemistry of surface 
phenomena.® If it be recognized, therefore, that the dis¬ 
tinctive properties of colloid are surface properties, then there 
can be no objection to calling soil chemistry a branch of colloid 
chemistry. In the soil the amount of the surface exposed is 
not only very great in the aggregate, but is probably very 
large for all three types of solids, vis., definite compounds, 
solid solutions, and adsorption complexes. 

As far down the gradient of size as it is possible to trace 
the soil particles, definite compounds, in the form of the well- 

' Jour. Phys. Chem., i8, 549 (i9«4)- 

* For convenience, the mechanical separates of soils are usually obtained 
between arbitrary limits and are designated as sands, silts, and clays. Thus 
the term silt does not necessarily mean, in soil literature, that the material has 
been deposited from a water suspension, neither does the term clay imply the 
composition of the material is that of kaolin or kaolinite, nor even that these 
definite compounds are present. Fletcher and Bryan: Bull. No. 84, Bureau of 
Soils, U, S. Dept. Agric., 1912. 

* Cameron and Bell: Bull, No. 30, Bureau of Soils, U. S. Dept. Agric,, 
1905; ^'The Soil Solution,*' by Frank K. Cameron, The Chemical Publishing 
Co., Easton, Pa., 1911, pp, 67-9. 
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known rock and soil forming minerals have been recognized. 
It seems reasonable to suppose that they still persist as such 
beyond the limits of positive identification, even perhaps to 
extreme attenuation. Together with this mineral mixture 
of definite chemical individuals, the results of degradation 
agencies, there is always present a more or less indefinite 
mass of indeterminate compounds, in extreme state of com¬ 
minution in which apparently oxides of aluminum, of iron 
(ferric) and organic residues (humus) predominate. There 
is very good reason to believe that .some of the components 
of this “clay” are solid solutions—for example, the so-called 
basic phosphates of iron and alumina. And there are equally 
good reasons for believing in the presence of adsorption com¬ 
plexes. In fact it is a well sustained generality that potas¬ 
sium and certain other normal con.stituents of the soil tend 
to segregate in the clay separates, which admit of no other 
explanation than that of selective adsorption. 

The minerals of the soil are continually reacting with 
water, by hydrolysis, and very often with secondary reactions 
which yield products in the coUoid condition. For example, 
consider the comparatively simple case of orthoclase, assuming 
for simplicity in presentation, that it has actually the theoretical 
formula K.AkSiaOg. Then K.AlSisOg + H 0 H:^K 0 H + 
H.AlSnOg. So far as is known the acid H.AlSisOg does not 
exist; but as fa.st as formed, there is a “splitting off” of silica 
SiOj, perhaps progressively, with the formation of H.AlSijOg 
(pyrophylite), H.AlSi04 (kaolinite), andH.AlOg (diaspore). 

It seems probable that the silica and alumina thus formed, 
at least for a time, and possibly even for a time also, the other 
products of hydrolysis, persist in the colloid condition, either 
as true gels or colloidal solutions.* Similarly ferruginous 
gels, and even perhaps gels of magnesium hydroxides are 
formed and more or less temporarily affect the constitution 
of the soil complex. But while admitting the possibility or 


* See Van Hise: U. S. Geol. Surv., Monograph No. 47, p. 333, xpo4i and 
Kahlenberg and Lincoln: Jour. Phys. Chem., 2, 77--90 (1898). 
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even probability of such gels being formed from o priori 
considerations as well as laboratory manufacture, it must also 
be ad mi tted that there is no satisfactory direct evidence of 
their presence in a soil under field conditions. The principal 
evidence for their presence cited in the current soil literature, 
are the results obtained in the selective absorption of dyes 
by soils. But no case has been brought forward which cannot 
be satisfactorily explained by the fact merely that the soil 
particles present a large surface for absorbent action.' Never¬ 
theless, the importance of this gel formation is considered, 
among soil investigations usually, to be very important as 
affording a protective coating to the soil grains. This pro¬ 
tective coating is generally assumed to prevent solvent action 
of soil water upon the coated particles, obviously an incorrect 
assump.tion, since diffusion must necessarily proceed through 
the gel as through water. Of course, such a coating might 
mechanically slow up the rate of solvent action on the soil 
particles. The ordinary ferruginous-humus-clay mass, be¬ 
cause it sticks so persistently to the coarser particles, is fre¬ 
quently supposed to prevent solvent action. This material 
can, however, be separated quite effectively from the coarser 
particles, merely by shaking in water to which a little ammonia 
has been added to deflocculate the soil aggregates. Here again 
there seems to be possible nothing more than a mechanical 
slowing up of the rate of solvent action. 

Another role popularly assigned by soil investigators to 
the supposed gel formed on the surface of soil particles is the 
making possible of adsorption effects. Here there is an as¬ 
tonishing amount of misinformation current. At a recent 
meeting of a scientific organization, an agricultural chemist 
of recognized distinction, in discussing a paper which had just 
been read, made the startling statement that there could be 
no such thing as an adsorption of potassium by a soil because 
potassium is not a colloid and it is a well-known fact(?) that 

^ See, for instance, Seki: JLandw. Versuchs St., 79-80 (dem Andenken 
Oskar Kellner gewidmet), 873, and the literature there cited. 
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colloids alone can be adsorbed and then only by other colloids. 
He even went so far as to deny the probability of Patten’s 
observations on the adsorption of methylene blue by powdered 
quartz,' although admitting them as possible if the quartz 
grains had a coating of colloidal silica; their only importance, 
he claimed, would be in showing methylene blue to be a colloid. 

Finally, it is to this protective coating of colloid material 
that most teachers of soil physics ascribe the formation of 
aggregates of soil particles so important in determining the 
highly desired "crumb” structure of soils and so important 
for good tilth, “good heart,” the textural relations, water 
holding capacity, and adaptability to types of crops and crop 
rotations; in fine, to soil physics and soil management in general. 
Unfortunately, however, there is no positive evidence one 
way or the other for the existence of these gel coatings. The 
phenomena of crumbing and of puddling, while very similar 
to, if not identical with, the phenomena of flocculation and 
deflocculation, the phenomena of plasticity, etc., seem to be 
accounted for readily enough by the presence of the fine clay 
particles, and there is no obvious necessity for assuming the 
presence of any gel, much less that it is a protective coating. 

Practically, there is a serious difficulty in applying ob¬ 
servations on ordinary suspensions, gels and colloid solutions 
to the interpretation of soil phenomena. In a soil containing 
the optimum, or somewhat less than the optimum water 
content for plant growth, it appears that practically all the 
water (soil solution) is spread out over the grains or crumbs, 
in films.* This film water is held to the soil under stresses 
of such magnitude as may considerably affect the solvent 
power of the water, although direct proof that such is the case 
is wanting. It is very probable that the liquid-gas surface 


^ Trans. Am. Electrochem. Soc., lo, 67-^74 (1906). 

» Cameron and Gallagher: Bull. No. 50, Bureau of Soils, U. S. Dept. 
Agric., 1908. No mechanical means has yet been devised for extracting this 
soil solution or separating it from the solid phases, hence we do not yet know 
what its composition actually is and can only make inferences from indirect 
methods of experimentation. 
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tension affects appreciably the liquid-solid surface tension, 
although in what manner and to what extent it is yet impossible 
to say. Consequently, great reserve must be exercised in at¬ 
tempting to apply to soil phenomena the reasoning developed 
from observations on gels and ordinary suspensions. Certainly 
the water films in the soil are continually changing in thick¬ 
ness; there must be a consequent change in the distribution 
of solutes between absorbent and solvent, and probably two 
changes of surface tension at least. 

Just how to correlate these several factors and especially 
in view of the fact that they are each and all continually under¬ 
going change, no man yet knows. Until a clearer vision of 
the interrelation of these factors is gained, it is vain to look 
for any correlation of the agricultural importance of a particular 
soil with arbitrary measurements of its supposed colloidal 
properties. 

Of the necessary consequences of the colloidal constitu¬ 
tion of the soil as described in the foregoing paragraphs very 
much the most important, theoretically and practically, is 
the concentration of the soil solution, at least with respect 
to those constituents derived from the soil minerals. From 
what has been said above, it will be correct and convenient to 
classify the soil components as follows: 

1. Definite compounds, or chemical individuals. 

2. Indefinite complexes, but homogeneous, i. e., solid 
solutions. 

3. Indefinite complexes, but not homogeneous, i. e., ad¬ 
sorption complexes. 

For any given temperature, a definite compound has a 
definite solubility, which is altogether independent of the rela¬ 
tive masses of the solid and the liquid. This solubility may 
be affected by the presence of a third substance, especially 
if the solutes are electrolytes. In soil solutions the concen¬ 
trations are so small that mutual solubility effects can be con¬ 
sidered negligible, usually, excepting only those due to dis¬ 
solved carbon dioxide. There are, however, two modifying 
influences which are probably effective in the case of soil 
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minerals. It has been shown by Ostwald^ and by Hulett* 
that a very finely comminuted substance may have quite 
a different solubility than the same substance when in coarse 
particles. For instance, the solubility of gypsum may be 
increased a fifth by grinding the solid to very fine particles. 
The extremely fine ^mineral particles in the clay portion of 
the soil may well, therefore, have different solubilities than 
those minerals in the fine sands, and intermediate solubilities 
may pertain to the finer silt particles. 

Again, many if not most of the soil minerals are salts of 
strong bases with weak acids. On dissolving, they are more 
or less completely hydrolyzed, and one of the products of 
hydrolysis, the acid usually, is so very slightly soluble that 
its active mass can be considered negligible. Consequently 
a simple application of the mass law to the reaction ; 

Mineral + water '7~*~ unhydrolyzed salt + base + acid 

shows that the concentration of the base must become very 
large, relatively, before equilibrium is attained. It is quite 
improbable that equilibrium is ever actually attained in the 
soils of humid areas. And it is equally improbable that any 
of the ordinary rock forming minerals can be synthetized at 
the concentrations and temperatures ordinarily realized in 
soils.® From these considerations, therefore, it appears that 
the major part of the definite compounds which dissolve in 
the soil water, under humid conditions, are hydrolyzed, and 
that the soil solution never reaches the concentration of the 
more soluble constituents required for definite equilibrium 
or “saturation.” Practically, therefore, so far as regards 

^ Zeit. phys. Chem., 34, 496 (1900). 

2 Ibid , 37, 385“4 o6 (1901). 

* While highly improbable that zeolites are formed under soil conditions 
by "building up" processes, there is to be admitted the possibility of their forma¬ 
tion by some "building down" mechanism not yet explained. Certainly there is 
geological evidence that zeolites are sometime alteration products of feldspar. 
On tlie other hand there is a respectable body of cumulative evidence in geo¬ 
logical literature suggesting that concentrations may occur in adsorption films 
sufficient to induce "building up" processes. Obviously, however, plant roots 
do not come into contact with solutions of such concentrations. 
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the definite compounds in the vSoil, the concentration of the 
soil solution is not independent of the ratio of the mass of 
solid to the mass of liquid, although theoretically such a condi¬ 
tion should be obtained if the time element, surface effects 
and like distributing factors did not enter. 

Different considerations obtain when the liquid solution 
is in contact with a solid solution containing a common com¬ 
ponent. The concentrations of the common component in 
both liquid and solid phase is dependent upon the relative masses 
of the phases. Increasing the concentration in one increases 
(or sometimes decreases) the concentration in the others. 
There is a distribution of the common component represented 
by the equation C = KCi, or C = KC'S, or perhaps by some 
more complicated expression. Usuall}". the exponent n is 
positive; but that it may have a negative value is suggested 
by the case where lime is added to lime phosphate in contact 
with water. 

A practical example of a solid solution in the soil is where 
a soluble phosphate has been added, the phosphoric acid being 
more or less promptly jirecipitated as a basic (?) phosphate, 
i. solid solution, and it has been shown that it would require 
the addition of enormous and impracticable amounts of the 
phosphate to so increase the concentration of the ferro-phos- 
phoric acid alumino-phosphoric acid and lime-phosphoric 
acid solid solutions to the point where there would be an ap¬ 
preciable increase in the concentration of the liquid (soil) 
solution.^ 

The third class of soil solids comprivses those cases where 
there is a mineral complex in which a more soluble substance 
(solute) is condensed or adsorbed on the surface of a much less 
soluble substance (adsorbent). Here again is a case of dis¬ 
tribution and, obviously, again the concentration of the liquid 
solution is dependent upon the relative masses of liquid and 
solid; or, more correctly, upon the volume of the liquid and the 
absorbing surface of the solid. As a case in illustration, prob- 

* Cameron and Bell: Bull. No. 41,1907; Schreiner and Failyer: Bull. No. 3a, 
1906, Bureau of Soils, U. S. Dept, of Agric. 
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ably a large part of the potassium in a soil is adsorbed on the 
surface of the clay particles. Attempts to study experimentally 
the distribution of a solute between the solid soil particles 
and the free water in contact with the soil have shown that 
the equation is of a quite complex character, owdng probably 
to changing aggregation (flocculation or deflocculation) of 
the soil particles.^ But whatever the form of the equation, 
it is beyond doubt that the concentration in the soil solution 
changes coincidentally with and in the same direction as the 
concentration in the absorbent. As the effective surface 
of the soil is continually changing, it follows necessarily that 
the concentration of the soil solution is continually changing. 
But with such dilute aqueous solutions as are soil solutions, 
it requires a relative large increase in the adsorbed solute to 
produce an appreciable change in the concentration of the 
liquid phase. The fact has been shown a number of times 
experimentally with soils and with other absorbents, both by 
shaking the absorbent with aqueous solutions of the solute and 
by percolation experiments. It is clear, therefore,* that the 
concentration of the soil solution, resulting from contact with 
definite compounds, solid solutions and adsorbent films, i. c., 
from contact with soil colloids, is determined by the relative 
masses of the liquid phase and of the solid phase, in so far 
as the masses of the solid phases determine their effective sur¬ 
face to solvent action. Since the moisture content of a soil 
is continually changing, the soil either drying out or getting 
wetted, and since the effective surface of the soil particles is 
continiially changing, the concentration of the soil solution 
is continually changing or tending to change. But as the fore¬ 
going analysis of the mechanism of the soil solution develops, 
and from the inherent nature of the soil colloids, small changes 
in concentration in the liquid phase (soil solution) are induced 
by relatively large changes in the common constituents in the 
solid phases (soil colloids), at least with respect to those mineral 
constituents of recognized importance for plant growth and 


» Cameron and Patten: Jour. Phys. Chem., u, 581-92 (1907). 
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fertilizer practice. Consequently, under any given climatic 
conditions, the concentration of the soil solution, with respect 
to those constituents derived from soil minerals, varies within 
narrow limits, no matter what may be the relative masses of 
those minerals in the soil.' Obviously, other constituents, 
organic or inorganic may sometimes vary quite widely in con¬ 
centration although in all cases the solubility principles just 
set forth will apply. So much being granted, it follows logically 
that in the function whatever its form may be, expressing the 
relation ‘between crop production and the various natural and 
artificial factors affecting it, fertilizers as well as each and every 
other factor are dependent variables, and that furthermore, 
all soil phenomena affecting crop production are dynamic, 
contrasted with static, in character: that is, they are all 
involved in continual changes of some kind or other; and, in 
fine, each soil must be considered as an individual, with its 
own inherent characteristics, including crop producing powers. 
Arguments in detail having already been set forth elsewhere, 
it is not necessary to repeat them here.- 

In this paper it has been shown: 

1. That soil chemistry can be considered a branch of 
colloid chemistry, provided a colloid is defined as a phase 
sufficiently divided where surface phenomena are predominant. 

2. That the relation of the gas-liquid surface tension to 
the solid-liquid surface teirsion is a most important problem 
requiring investigation for a clear purview of the functions of 
soil colloids. 

3. That it is a necessary consequence of the colloid con¬ 
stitution of the soil, that very small changes in the concen¬ 
tration of the soil solution correspond to relatively large changes 
in the composition of the .solid phases, respecting those con¬ 
stituents derived from the minerals of the soil. 

* That difference in climate may make marked difTerences in the concen¬ 
tration of the soil solution is, of course, well recognized See for instance, 
Mooney; ‘The Bahama Islands,*' The Geological Society of Baltimore, Johns 
Hopkins Pre^s, 1905, pp. 153-74. 

*Jour. Ind. Eng. Chem., i, 806-10 (1909); 3, 188 (1911)» "The Soil 
Solution.*' 



THE ELECTRICAL CONDUCTIVITY OF SOLUTIONS 
OF CERTAIN ELECTROLYTES IN ORGANIC 
SOLVENTS 

BY J. N. PEARCE 

The study of the electrical conductivity of solutions 
in organic solvents has brought to light many interesting 
relations. In many such solvents the same general relation 
obtains as is found in the case of aqueous solutions, viz., the 
molecular conductivity increases regularly with increasing 
dilution. In the great majority of these no limiting value of 
the molecular conductivity is obtainable, however great 
the dilution employed. 

On the other hand, a large number of instances have been 
found in which the behavior is apparently just the opposite, 
the molecular conductivity in these cases increasing as the con¬ 
centration increases. Instances of this kind arc to be observed 
in the molecular conductivity of solutions of hydrogen chloride 
in benzene,' xylene, hexane, and ether; the alkaline halides 
in benzonitrile f mercuric cyanide in liquid ammoniaalumin¬ 
ium bromide in ethyl bromide in all the more concentrated 
solutions of methyl-, ethyl-, «-propyl-, amyl-, and allyl- 
alcohols; phenol, carvacrol, thymol, a- and j8-naphthol and 
resorcinol in liquid hydrogen bromide;" various aliphatic 
and aromatic acids in liquid hydrogen bromide and hydrogen 
chloride;® solutions of the ammonium bases and non-salt 
organic compounds in the liquid halogen halides and hydro¬ 
gen sulphide’ and solutions of various salts in aniline, methyl 
aniline, and dimethyl-aniline.* 

1 Kablukoft: Zeit. phys Chem., 4, 429 (1889); Cattaneo: Real. Accad. 
Lincei, [5] 3 , II, 112 (1893). 

• Euler: Zeit. phys. Chem., 38, 619 (1899). 

’ Franklin and Kraus. Am. Chem. Jour., 23, 277 (1900). 

• Plotnikoff: Jour. Russ Phys. Chem. Soc., 34, 466 (1902). 

' Archibald- Jour. Am. Chem. Soc., 29, 665, 1416 (1907). 

• Ibid., 39, 1416 (1907). 

' Steele, McIntosh and Archibald: Zeit. phys. Chem., 55, 179 (1907). 

' Sachanov: Jour. Russ. Phys. Chem. Soc., 43, 683 (1910). 
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Instances are also known in which the molecular conduc¬ 
tivity may both increase and then decrease as we proceed 
from the more dilute to the more concentrated solutions 
as, for example, solutions of silver nitrate and cadmium iodide 
in amylamine.* Such cases, the authors state, are not to be 
explained on the basis of the Arrhenius theory. The molecular 
conductivity of potassium iodide in liquid iodine- at first 
increases with dilution, passes through a maximum and then 
decreases rapidly. The molecular conductivity of solutions 
of silver nitrate in methylamine® first increases with dilution, 
then decreases and afterward again increases with fiulher 
dilution. Solutions of lithium chloride in ethylamine^ give 
molecular conductivities which increase with dilution up to 
about 0.8 N and then diminish rapidly with further dilution, 
while the molecular conductivities of solutions of silver nitrate 
and ammonium chloride in the same solvent decrease with 
dilution throughout and finally appear to attain minimum 
values in the very dilute solutions. Cadmium iodide*^ in cer¬ 
tain organic solvents was found to be strikingly abnormal 
in that its molecular conductivity varies neither with the dilu¬ 
tion nor with the temperature. 

Many theories have been advanced to explain this ap¬ 
parently abnormal effect of dilution upon the molecular con¬ 
ductivity. Eu1(t“ explains the increase in the molecular 
conductivity of solutions in benzonitrile as being due to the 
presence of the ions, h'ranklin and Gibbs explain the abnormal 
results for solutions of silver nitrate in niethylamine by means 
of a slightly modified form of the hypothesis proposed by Lewis 
for solutions of potassium iodide in liquid iodine. Their 
hypothesis and explanation is this: “Salts dissolved in a 
weak ionizing solv'ent may be expected to give solutions in 


^ Kahlenberg and RubofT: Jour. PhyvS. Chera., 7, 254 (1903). 

^ I^‘wis: Proc. Am. Acad. Arts and Sci., 41, 419. 

* PVanklin and Gibbs: Jour. Ain. Chem. Soc., 29, 1389 (1907)- 

* Sbinn: Jour. Phys. Chem., ii, 537 (1907) 

® Dutoit and Friderich: Bull. Soc. chim. Paris, [3] 19, 321 (1898). 
® Loc. cit. 
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which the self-ionization of the salt shows itself conspicuously. 
Methylamine dissolves silver nitrate abundantly, forming 
solutions, which, when very concentrated, are possessed of 
a high degree of viscosity. The conductivity of the most 
concentrated solutions, in that they approach the condition 
of the melted salt, is, therefore, for the most part, due to the 
auto-ionization of the salt. As the solution is diluted its vis¬ 
cosity diminishes rapidly with the result that the increasing 
speed of the ions more than counteracts the effect of diminish¬ 
ing auto-ionization, which may be assumed to accompany 
dilution, and which of itself would cause a diminution of the 
conductivity. The observed conductivity therefore increases. 
The viscosity, however, falls off at a rapidly diminishing rate 
as the dilution increases, so. that after a time the opposing 
effects of viscosity and self-ionization balance each other, 
when a maximum of the molecular conductivity is reached. 
From this point on, for a time, increasing dilution is most 
conspicuous in its effects on the auto-ionization of the salt. 
The rate at which the auto-ionization diminishes becomes 
smaller as the dilution continues to increase with the result 
that, beyond a certain point, the dissociating action of the 
solvent becomes conspicuous as the curve passes through 
the minimum and then ascends after the familiar manner of 
salts in aqueous solution.” Cady' noted the similarity be¬ 
tween the crystalline compounds of water and copper sulphate 
on the one hand and ammonia and copper sulphate on the 
other. Experiments proved that the latter pair also give 
conducting solutions. It might be inferred from this that 
whenever a solute and solvent are capable of separating from 
a solution as a crystalline “solvate” solutions of the two com¬ 
ponents will conduct electricity. 

Kahlenberg and Schlundt* ventured the idea that the con¬ 
ducting power of a solution is dependent upon a mutual re¬ 
action between the solvent and solute resulting in the forma- 


* Jour. Phys. Chem., i, 707 (1897). 
‘ Ibid., 6 , 447 (1903). 
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tion of a compound which conducts the current. This solvent- 
solute compound theory was further apparently confirmed 
by Walden and Centnerszwer’ in their work with solutions 
in liquid sulphur dioxide. Solutions of lithium chloride in 
pyridine have remarkably low molecular conductivities. 
Laszczynski and Gorski® explain this as due to the formation 
of the compound, LiCl.zCsHjN. That such a theory is useful 
is very evident, since it can b<? used in explaining phenomena 
which are of an opposite nature. . 

According to Steele, McIntosh and Archibald''* the power 
to form conducting solutions is a function of both the solvent 
and the solute. This belief was strengthened by the fact that 
the amines, alcohols, ether, acetone, etc., which give conducting 
solutions in the liquid hydrogen halides and hydrogen sul¬ 
phide, all have the power of forming compounds with these 
solvents. In their paper th^y state that it is their object to 
show that the anomalous behavior of these solutions can be 
explained upon the basis of the Arrhenius theory, if we assume 
that the original dissolved substance, of itself incapable of 
dissociation, may either become polymerized or unite with the 
solvent to form a compound which can then behave as an elec¬ 
trolyte. For both assumptions, viz., that of pol>merization 
of the solute, or the formation of a solvent-solute compound, 
they arrive at the general relation, 

X, = aK' = kV 

where a represents the degree of dissociation, * the specific 
conductance, V the volume, K' a constant, and n the number 
of molecules of the solute combining with m molecules of the 
solvent, or the number of simple molecules of the solute 
combining to form one molecule of the polymerized solute. 
Their results when calculated according to this formula show 
an increase in molecular conductivity with increasing dilution, 
whereas when calculated according to the relation X, = (cV, 
the molecular conductmty decreases with dilution. 

^ Zeit. phys. Chem., 43, 432 (1903). 

* Zeit. Elektrochemie, 4, 290 (1897). 

* Zeit phys. Chem., 55, 179 (1907)- 
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Similar results were obtained by Archibald* alone for 
solutions of paraffin and aromatic alcohols in liquid hydrogen 
bromide and for organic acids in liquid hydrogen-bromide 
and hydrogen chloride. 

Sachanov* has made an extended study of the conductivity 
of solutions in some organic solvents. The solvents used 
were aniline, methylaniUne, dimethylaniline, acetic and pro¬ 
pionic adds and a few esters. In all of these solvents, except 
the esters, the molecular conductivity of the various salts used 
decreases very rapidly with dilution, and this phenomenon 
is espedally marked in the more concentrated solutions. 
Walden had previously shown that the dissociating power 
of solvents is in a high degree independent of their chemical 
nature and is determined chiefly by the dielectric constant 
of the solvent. The dielectric constants of the solvents used 
by Sachanov are small. Those of the amines used, viz., 
aniline, methylaniUne and dimethylaniline, are 4.79, 6.62 and 
4.99, respectively. According to him, the chief factor de¬ 
termining the ability to give conducting solutions is the chemical 
nature of the solvent. He divides solvents in which diminu¬ 
tion of the molecular conductivity is observed into two cla.sses: 
(i) those in which all solutes, independently of their nature, 
exhibit such diminution, and (2) those few in which the molecu¬ 
lar conductivity, as a rule, increases with dilution, but with 
certain dissolved substances diminishes. In general, solvents 
with low dielectric constants are characterized by divergence 
from the Nemst-Thomson rule. He also states that the de- 
creavSe of molecular conductivity on dilution is as characteristic 
a property of solvents with low dielectric constants and slight 
dissociating power as is the increase of molecular conductivity 
for solvents with high dielectric constants. The electrolytic 
dissociation does not depend solely upon the magnitude of the 
dielectric constant, but also upon the formation of solvates and 
complex ions, e. g., 

^ Archibald: Jour. Am. Chcm. Soc., 29, 665, 1416 (1907). 

2 Jour. Russ. Phys. Chem. Soc., 42, 683, 1363 (1910); 43, 526, 534 (1911); 
44 > .324 (1912); Zeit phys. Chem., 80, 13, 20 (1912). 
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Li2Br2.xC6H7N Li.^^CellyN + LiBr2.2;C6H7N 

The formation of such ions favors electrolytic dissociation be¬ 
cause the electroafFinity of these ions is greater than that of 
the primary ions. In solvents with low dielectric constants 
only complexes which yield ions of greatly enhanced electro¬ 
affinity can undergo electrolytic dissociation. The decomposi¬ 
tion of these complex solvates and complex ions explains the 
decrease of molecular conductivity on dilution and also, so 
he states, why the Nernst-Thomson rule is not applicable for 
solvents with low dielectric constants. 

Ill his study of the dielectric constants of dissolv'ed salts, 
Walden ‘ finds that the dielectric constant of a weakly ionizing 
solvent is increased hy solution of certain binary electrolytes, 
and that tliis increase is apparently dependent uj>on the con¬ 
stitution of the salt. On the basis of their specific influence 
he divides the binary salts chosen into two classes, rra., the 
strong and the weak. Strong salts, c. g , the tetra-alkylated 
ammonium salts, which are characterized by a great dissocia¬ 
tion tendency, possess also a very high dielectric constant. 
For weak salts, c. g., the mono-alkylated ammonium salts, the 
reverse is true. They have a slight tendency to ionize and 
small dielectric constants. The degree of ionization of a salt 
depends both on the ionizing power of the solvent and the 
tendency of the solute to ionize. Since both factors increase 
with the dielectric constant, the highest degree of ionization 
will be found in a system where both the solvent and the solute 
possess large dielectric constants. The presence of ions was 
also found to increase the dielectric constant. 

A large number of the solutes cited in the introduction, 
if not all of them, exhibit a strong tendency to polymerize 
and this tendency obviously increases with the concentration. 
Depolymerization resulting from dilution may proceed either 
in separate steps or directly down to the simplest products. 
According to Walden, the minimum degradation of the poly- 

^ Bull. Acad. Sci. St. Petersburg, 191a, 305-32, 1055-86; Translation by 
H. C. B. Weber: Jour. Am. Chem. Soc., 35, 1649 (1913). 
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meric molecules will be obtained when we dissolve a binary salt 
with a low dielectric constant in a solvent, also with a low 
dielectric constant. In this case the solution will contain an 
extremely small number of ions, but a very great number 
of associated salt molecules. The increase in the dielectric 
constant must, therefore, be due to the presence of the polym¬ 
erized molecules. These solutions show a weak molecular 
conductivity. With progressive dilution the dielectric con¬ 
stant falls rapidly and approaches that of the pure solvent. 
This will result in a rapid decrease in the dissociating power 
and therewith a simultaneous decrease in the molecular con¬ 
ductivity. 

It is a well known fact that for a given temperature the 
complexity of hydrates and of solvates, whether of molecules 
or ions, decreases rapidly with increasing concentration. 
Furthermore, it has been found that the complexity of these 
solvates decreases also with rise in temperature. On the other 
hand, the complexity of the solute molecules and ions, due to 
polymerization, increases with increase in concentration. 
The effect of temperature would, therefore, appear in the tem¬ 
perature coefficients of the molecular conductivity. 

The present work was undertaken with the idea of making 
a detailed and thorough study of the molecular conductivity 
of solutions of electrolytes in various organic solvents over 
the widest possible ranges of concentration and to determine 
the effect of temperature upon the conductivity. This seemed 
advisable since the previous investigators have limited their 
work to one temperatme. 

Experimental 

The conductivity measurements were made by means of 
the well known Kohlrausch method. The bridge wire was 
carefully calibrated according to the method of Strouhal and 
Barns. During the latter part of the work we were fortunate 
in securing a new Kohlrausch roller bridge of the type devised 
by Washburn.^ All of the measuring flasks, burettes, weights 

^ Jour. Am. Chcm. Soc., 35, 180 (1913). 
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and resistance boxes bore the certificate and stamp of the 
Bureau of Standards, or of the Reichsanstalt. Four glass- 
stoppered conductivity cells with sealed-in electrodes were 
used. 

The two cells of larger resistance capacity were standard¬ 
ized against a 0.02 N potassium chloride solution at 25°. 
This solution was prepared from twice recrystallized Kahl- 
baum’s “C. P.” potassium chloride and conductivity water 
having a specific conductance of 1.2 X 10-and the specific 
conductance of the solution was taken as 2.768 X lo-^ With 
the cell constants thus obtained the molecular conductivity 
of a 0.002 N potassium chloride solution was obtained at 25 
The value of Xsoo found was; Cell *2 — 147.64, Cell *3 = 
147.60. The constants of the two cells of small capacity 
were then determined against the 0.002 N solution, and the 
constants of all four cells checked against a o.oi N acetic acid 
solution at 25 °. 

The temperatures chosen for the work were 0°, 25°, 
and 35° or 50°. The zero-bath consisted of clean, finely 
crushed ice, moistened with distilled water. Large water 
thermostats, electrically heated and electrically controlled, 
gave temperatures constant to 25° * o.oi, 35° 0.02 and 

50° =*= 0.02, respectively. 

An attempt was made to use only those salts which are 
very soluble in the solvent used, in order to get the greatest 
possible range in concentration, but unfortunately the number 
of typical salts are few. The salts used were either Kahl- 
baum’s C. P. (best grade) or they were specially prepared. 
In every case they were carefully purified and dehydrated 
by the methods recommended for the individual salts, and 
preserved in glass-stoppered weighing bottles over phosphorus 
pentoxide. The solubility of each salt at 25° was approxi¬ 
mately determined and a convenient maximum normality 
chosen. Whenever possible, the mother solution was made up 
by direct weighing and then diluted to the concentrations 
desired, the utmost care being taken to prevent contact with 
the moisture of the air. 
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Solutions in Aniline 

The aniline used was of an especially good grade from 
Merck. It had been allowed to stand over fused potassium 
hydroxide for several weeks. It was then decanted into a 
clean dry distilling flask and distilled; only the middle portion 
passing over at i8i®-~i82° (uncorr.) was collected. This 
portion was then further purified according to the method 
of Hantzsch. The aniline was refluxed for ten hours with a 
quantity of pure anhydrous acetone; the -acetone was distilled 
off and the middle portion collected. It was finally twice 
redistilled from pure, powdered zinc. WTien first distilled 
the aniline was practically colorless; its specific conductances 
ato'^, 25°and35°were0.9 X 2.4 X io-*and8.2 X 10-®, 

respectively. In spite of all precautions taken in its purifica¬ 
tion, the aniline gradually darkened on standing, but no notice¬ 
able change in the specific conductance was to be observed. 

Owing to the extremely high resistances it was found im¬ 
possible to work satisfactorily with solutions more dilute 
than 0.005 N, while in some cases o.oi N' is the highest dilution 
measurable. 

Silver Nitrate 

Table 1 —Molecular Conductivity 


V 

Xo 

X29 

Mb 

200 

0.182 

0.372 


100 

0.159 

0.349 

0.423 

40 

0.156 

0.338 

0.414 

20 

0.194 

0.407 

0.494 

10 

0.299 

0.650 

0.738 

4 

0.464 

0.869 

I .418 

2 

0.725 

I .984 

2,600 

Table II—^Temperature Coefficients 

V 

Mb — Xo 

X36 — Xo 

Mb — Mb 


Xo • 25 

Xo .35 

Mb * 10 

100 

0.049 

.. 

0.048 

0.021 

40 

0.047 

0.047 

0.022 

20 

0.044 

0.044 

0.021 

10 

0.047 

0.046 

0.021 

4 

0055 

0.057 

0.026 

2 

0.069 

0.078 

0.031 
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Aniline Hydrobronoide 

Table III—^Molecular Conductivity 


1 


V 

Xo 

x« 

Xsfi 

200 

0.159 

0.306 

O.311 

lOO 

0.124 

0.213 ; 

0 230 

40 

0. 109 

; 0.183 

0.185 

20 

0.123 

1 0.199 : 

0.199 

lO 

0.170 

! 0.263 ! 

0.264 

4 

p.361 

1 0.556 ; 

0.564 

2 I 

_i 

i 0.971 

I . 009 

Table IV—Temperature Coefficients 


i 

V i 

X2 s — X 0 

^86 — Xo 

Xa 4 —' X28 

i 

\0.25 

X0.35 , 

\u °•10 


- —. . 

- - 


200 ! 

0 037 

0.027 

0.001 

100 1 

0.029 

0.025 

0.008 

40 1 

0.027 

0.019 

0 008 

20 1 

0.025 

0 017 

0 000 

10 ! 

0.022 

0.016 

0.000 

4 

0.02 2 

0 016 

0 001 

2 ! 


. -1 

0.003 


Aniline Hydrochloride 

TaBUI? V- -MoBECITI^AR CONDUCTiVITy 


V 

Xo 

X2& 

X.ui 

40 

1 0.051 

0 085 

0. og8 

20 

j 0.048 

i 0 079 

0 088 

10 

0.05<i 

0.087 

0 95 

4 

i 0.095 

0.143 

0.154 

2 

__ 1 

1 

0.265 

0,286 


Tabu? VI— Temperature Coefficients 


V 

1 Mb — Xo 

X0.25 

' 

1 Xo .35 

X36 — X26 
Mb . TO 

40 

; 0.026 

: 0.025 

0.014 

20 

I 0 025 

0.024 

0.012 

10 

, 0.021 

j 0,019 

0.009 

4 

1 0.020 

0.017 

0.007 

2 

1 _1 

1 — ‘ i 

0.008 


Solidified. 
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MoBoet}iyl-aniUne Hydrochloride 

Table VII —Molecular Conductivity 


V 

Xo 


Xtt 

lOO 

0.064 

0. II2 

0. II9 

40 j 

0.048 

0.092 

0. 102 

20 

0.021 

0.079 

0.093 

10 i 

0.053 

0.084 

0.089 

4 ' 

0.083 

0. 125 

0.134 


Table VIII —^Temperature Coefficients 


V 

X26 — Xo 

i ^ ””.^0 

1 

i Xs* — X26 


Xo .25 

5 ^ 0.35 

j X26 . 10 

100 

0.030 

0 . 024 

0.006 

40 

0.037 

0.032 

O.OII . 

20 

0.109 

0.097 

0.018 

10 

0.023 

0.020 

0.007 

4 

0.020 

1 0.018 

0.007 


Mercuric Iodide 


Table IX —^Molecular Conductivitv 


V 

Xo 


Xtt 

10 

0.0033 

0.0076 

0.0097 

2 

0.0014 

0.0036 

0.0046 

1 

0.0012 

0.0032 

0.0046 

Table X — ^Temperature Coefficients 

1 

V 1 

X2i - Xo 

X *6 — Xo 

Xis — X26 

^ 1 

1 

X0.25 

^o •35 

X25 • 10 

1 

10 I 

0.053 

0.053 

0.027 

2 1 

0.063 

0.066 

0.025 

I ! 

0.069 

0.084 

0.043 


Ammonium Sulphocyanide 

Table XI —Molecular CoNDUcrivrTY 


V 

- 

Xo 

X96 

Xss 

100 

0.187 

0.258 

0.312 

40 

0.13b 

0.251 

0.291 

20 

0.164 

0.313 

0.366 

10 

0.267 

0.506 

0.806 

4 

0.647 

1.271 

1.502 
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Tetraethylammonium Iodide 

Table XII— Molecular Conductivity 




1 

1 

[ X26 — X 0 

V 

Xo 

j X26 ! 

1 ; 

1 X0.25 

i 

200 

0.910 

* 2.021 

0.0488 

100 

0.850 

1.910 

0.0498 

40 

0.964 

: 2.195 

0.0510 

20 

1 • 234 

2.842 

0 0521 

10 

1.689 

3*943 

0.0534 

4 

2.244 

5-631 

0.0603 

2 1 

; 2.650 

6.849 

0.0633 

1 

1.801 

5*445 

0.0809 

0.8 1 

«-334 

4*477 

0.0942 


Summary of the Results in Aniline Solutions 

As might be expected from the nature of the solvent all 
of the salts used give poor conducting solutions. In respect 
to the molecular conductivity these salts may be divided into 
three clasvses. In the first class which includes by far the 
larger number are vsilver nitrate, aniline hydrobromide, aniline 
hydrochloride, methylaniline hydrochloride, ammonium sul- 
phocyanide and lithium iodide. With these the molecular 
conductivity decreases with dilution in the concentrated regions 
passes through a minimum and finally increases normally 
with further dilution. Mercuric iodide, whose molecules 
usually exhibit a great tendency to polymerize, gives values 
for the molecular conductivity which apparently increase 
normally with the dilution. For tetramethylammoniuni iodide 
on the other hand, the molecular conductivity first increases 
with the dilution to a maximum, then decreases rapidly, 
passes through a minimum and finally again increases normally 
with the dilution. The behavior of tetraethylammonium 
iodide is similar to that found by Franklin and Gibbs^ for 
solutions of silver nitrate in methylamine. Of the salts studied 
tetraethylammonium iodide gives the best and mercuric iodide 
the poorest conducting solutions. 

The effect of temperature varies with the nature of the 
dissolved salt. The temperature coefficients of the molecular 

^ Jour. Am. Cliem. Soc., 39, 1389 (1907). 
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conductivity of solutions of silver nitrate, aniline hydrochloride, 
and aniline hydrobromide decrease with dilution in the con¬ 
centrated regions and pass through a minimum in those solu¬ 
tions which give the minimum value for the molecular conduc¬ 
tivity. Methylaniline hydrochloride, on the contrary, gives 
a maximum temperature coefficient in that concentration which 
gives the minimum molecular conductivity. Although but 
three concentrations of mercuric iodide were studied the 
temperature coefficients show a distinct increase with increas¬ 
ing dilution, while for tetraethylammonium iodide the tem¬ 
perature coefficients decrease throughout with increasing dilu¬ 
tion, the decrease being most rapid in the regions of greatest 
concentration. 

Solutions in Quinoline^ 

Schuchardt’s chemically pure, synthetic quinoline was 
allowed to stand over fused potassium hydroxide for several 
weeks and then twice redistilled. Only that portion passing 
over at 227°--229° C was used in the work. In order to make 
the effect of the temperature greater, the molecular conduc¬ 
tivities were determined at 50® instead of at 25° as in the 
case of aniline. The specific conductivities of the quinoline 
at 25*^ and 50° were found to be 1.6 X 2.2 X io~® 

and 7.4 X respectively. 

Rough determinations of the solubility of many salts 
in quinoline showed that only a very few are sufficiently soluble 
to make work with them worth while. Of these the four chosen 
were aniline hydrobromide, silver nitrate, copper bromide 
and cobalt chloride. 

Aniline Hydrobromide 

Table XIII— Molecular Conductivity 


V 

: Xo 

X26 

Xso 

1000 

0.596 

0.918 


500 

1 0.480 

0.760 

0.988 

200 

0.340 i 

i 0.528 

0.666 

100 

1 0.267 

0.416 1 

0.527 

20 

; 0.207 

i 0.324 j 

0.412 

5 

i 0.264 

0.464 1 

0.642 


1 The data for solutions in quinoline was obtained by Mr. E. H. Conroy. 
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TabL,E XIV— ^'rEMPERATURE COEFFICIENTS 


V 

X25 — Xo 
X0.25 

j XjO - XO ; 

i Xo.50 

1 

Xso — Xar, 
X25.25 

lOOO 

0.0216 * 

1 

1 < 

0.0243 

0.0175 

500 1 

0.0236 

0.0212 

0.0 1 5 I 

200 1 

0.0221 1 

0.0192 

0.0105 

100 

0.0233 

0 0195 

0.0107 

20 

0 0266 

0.0198 

0 0109 

5 

0.0303 

0 0286 

0 0153 


Silver Nitrate 

Table XV Molecular Conductivity 


V 

Xo 

X.*6 

Xfid 

1000 

2 327 



500. 

2 158 

3 254 

4 101 

200 

1 • 95 1 

3 ii 5 

4 005 

100 

I (169 

2 574 

3178 

20 

I • 443 

2 273 

2 842 

10 

I 397 

2 246 

2 8^6 

5 

1 .270 

2.275 

■ i ‘)7 

XV]-“-“Thmpkkatukk Coefficients 

V 

0 

i 

X50 — Xo 

X{,B-Xj6 


A0.25 

Xo . 5 ^^ 

X -J,. ::5 

500 

i 0 0204 

0-0180 

0.0104 

200 

1 0.0239 

0 0210 

00114 

100 

0 0217 

0 0181 

0.0094 

20 

1 0 0231 

0.0194 

0.0100 

10 

0.0244 

0.0215 

0.01 16 

5 

0.0317 

0.0303 

0.0162 


Cobalt Chloride 



Table XVII —Molecular Conductivity 


V 

Xo 

X26 

Xso 

266.6 

0.104 

0.193 

0.3II 

500 

1 0.253 

0.464 

0.599 

1000 

1 0.293 

0.499 ' 

0653 
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Tablb XVIII— ^Temperature Coeeeicibnts 


V 

X26 ~ Xo 

Xo. 25 

Xbo — Xo 

Xo. 50 

X«o — X^B 
X36.25 

266.6 i 

0,0342 

i 

0.0398 1 

0.0245 

500 ; 

0.0334 

0.0274 

O.OI 16 

1000 

0.0281 

0.0246 ! 

0.0123 


In view of the fact that quinoline has a higher dielectric 
constant than aniline we should expect that solutions in it 
should give higher molecular conductivities. This is found to 
be true for silver nitrate and aniline hydrobromide. The min¬ 
imum of molecular conductivity is displaced toward the re¬ 
gion of higher concentration and the molecular conductivity in¬ 
creases rapidly with the dilution. The temperature coefficients 
pass through a minimum, but at dilutions which are greater 
than those which give the minimum molecular ccfnductivity. 
Owing to the rather slight solubility of the cobalt chloride only 
three concentrations of this salt were studied. In these the 
molecular conductivity increases with dilution, while the 
temperature coefficients decrease under the same conditions. 

Solutions in Pyridine' 

Merck’s best grade of pyridine was allowed to stand over 
fused potassium hydroxide for several months, then decanted 
and twice redistilled. Only the middle portion passing over 
at ii5°-ii5.i° and 745 mm was retained for the work. Its 
specific conductances at 0°, 25° and 50° were found to be 
0.57 X lo-'', 0.74 X lo-’and 1.2 X iO“^ respectively. Lincoln 
found the specific conductance of the pyridine which he used 
to have the much higher value of 7.6 X io~^. 

Those salts which do not show hygroscopic properties 
were weighed directly, transferred to a certified volumetric 
flask and made up to volume, but for those salts which do ab¬ 
sorb moisture the method of weighing by difference was used. 

* The data for the pyridiue solutions is a part of an unfinished thesis begun 
by Mr. E. X. Anderson some years past. Since the completion of that thesis 
appeared doubtful, it was thought advisable to include the data in this paper. 
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The pyridine was added directly to the flask from a specially 
devised filling apparatus whose open ends were always protected 
by phosphorus pentoxide tubes. The dilute solutions were 
made by diluting the mother solution, the utmost care being 
taken to prevent contact with the moisture of the air. 


Silver Nitrate 

Table XIX —Molecular Conductivity 


V 

Xo 

X^f* 

, Xfio 

I 


I ,53 

2 01 

2 

M 77 

•C) 38 

23 28 

10 

20 68 

25 38 

' 27.25 

20 

22.38 

27 05 

29.17 

JOG 

27 80 

34 49 

37 ^^2 

500 

37 31 

47-63 

55 io 

Table 

XX— Temperature Coefficients 


i 

0 

Xso — Xo 

X6a — Xaj 

i 

Xo. 25 

Xo. 50 

XsR. 25 

1 j 

0 0149 

; 0 0123 

0.0121 

2 

0.0125 

0 0115 

0 tx)8i 

10 

0 0091 

0.0064 

0.0029 

20 

0. CXJ84 

0.0061 

0 . 00^ I 

ICK) 

0,0096 

o.cK)73 

0.0040 

500 

0 , 01 II 

: 0 0095 

0.0063 


The molecular conductivity increases at first very rapidly 
with slight changes in dilution in the concentrated regions 
and then more slowly at higher dilutions. The temperature 
coefificients show a very rapid decrease in the concentrated 
solutions. 

It will be seen that the molecular conductmties at first 
increase very rapidly with slight increase in dilution and then 
less rapidly with further dilution for all three temperatures. 
The values for X25 agree very closely with those given by Lincoln^ 
for the same salt at 25°. The temperature coefficients show 


Jour. Phys. Chem., 3, 457 (1899). 
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a distinct minima, the effect of temperature upon the conduc¬ 
tivity being greatest in the concentrated solutions. 

Although solutions of silver nitrate in pyridine possess 
a relatively high molecular conductivity, Walden and Cent- 
nerszwer' have found that the molecular weights of silver 
nitrate in dilute solutions of pyridine are normal, while in the 
concentrated solutions the molecular weights are greater than 
normal, thus indicating association. By the same method 
Schmuilow'* found that this salt is apparently non-ionized, 
but, since transference experiments made by Neustadt and 

4 - 

Abegg^ showed that both the Ag ion and the NO,} radical 
migrated toward the cathode, it was assumed that, if ioniza¬ 
tion does take place, it does so according to the equation, 

+ 

2AgN03 = AgaNOs + NO3. 

It is obvious that if the amount of polymerization just 
compensates for the effect due to ionization, the total number 
of dissolved particles will be the same as they would be if 
neither polymerization nor ionization had occurred. The 
molecular weights obtained by the boiling point method should 
be normal. As the concentration is increased, on the other 
hand, polymerization rapidly increases, while the degree of 
dissociation decreases, a result which is interpreted by some 

to indicate the presence of polymerization and the absence 

+ 

of ionization. That the simple Ag ions are also present even 
in the concentrated solutions is not to be doubted. 

Lithium Chloride 

The pure salt was heated at i6o° for several days; it 
was frequently pulverized in a hot agate mortar and the 
heating continued until the tendency to cake had ceased. It 
was then transferred to a weighing bottle and heated to con-^ 
stant weight. 

* Zeit. phys. Chem., 55, 321 (1906). 

* Zeit. anorg. Chem., 15, 18 (1897). 

* Zeit. phys. Chem., 69, 486 (1910). 
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Table XXI —Molecular Conductivity 


V 

1 j 

1 

X25 i 

i 

X50 

0.58 

0.143 ' 

0.199 


0.239 

1.0 

! 0.218 1 

0.264 


0.282 

2.0 

0-254 ; 

0 290 


0.299 

10 0 

I 0.279 i 

0.322 


0 346 

100.0 

i 0.519 1 

0.573 


0.613 

1000.0 

I 470 1 

1.600 


1.680 


Table XXIT— Temperature Coefficients 


i 

V 

X.46 ■ Xo 

X&o * ■ Xo 

X 50 — X 26 

X0.25 

Xo.5^> 

X26.-\S 

0.586 ; 

0 0160 

0 0135 

0 0079 

1.0 

0 0083 

0. ( X)^S 

0 (X )28 

2.0 ' 

0 0056 

0 

0 0012 

100 ' 

0 0061 

0.0047 

0 0030 

100 0 

0.0041 i 

c 

s 

0 0028 

I000.0 ' 

0 0037 

0.0029 

0 0020 


Lithium chloride is at best a very poor conductor and is 
but slightly dissociated at all dilutions and temperatures. 
In other solvents it shows a high tendency to polymerize and 
doubtless does so in pyridine solutions. The molecular con¬ 
ductivities do increase gradually with increasing dilution 
throughout the whole range of concentration. The values 
found by Laszczynski and Gorski' for the same solution are 
about four times larger, due perhaps to the presence of traces 
of moisture. The temperature coefficients decrease with di¬ 
lution throughout, the greatest changes being in the most 
concentrated solutions. 

Lithium Bromide 

The anhydrous salt was prepared in a manner similar to 
that used for lithium chloride. 


^ Zeit. Elektrocheraie, 4, 290 (1897). 
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Table XXIII-^Molbcular CoNDUcxmrsr 


V 

Xo 

Xm 

Xso 

0.977 

_1 

1.29 

1.65 

2.0 

0.98 

1.72 

I .98 

10.0 

2.29 

2.44 ! 

2.40 

100.0 

5-43 

5-34 i 

4.89 

1000.0 

13.68 

1415 i 

13-58 

10000.0 

24.80 

28.70 ! 

29.90 


Table XXIV —^Temperature Coefficients 



X26J—_Xo 

1 Xfio — Xo ! 

Xfto — X26 

V 

Xo .25 

j Xo.50 j 

X26.25 

0.97 

— 

1 ; 

1 

0.0109 

2.0 

0.0298 

1 0.0202 

0 0061 

10.0 

0.0026 

1 0.0009 

—0.0006 

100.0 

—0.0007 

1 —0.0020 

—0.0030 

1000.0 

0.0013 

i -0.0001 

—0.00x6 

10000.0 

0.0063 

0 0041 ' 

0 

8 


For all temperatures the molecular conductivity increases 
steadily throughout with increasing dilution, but not at all 
dilutions with a rise in temperature, there being at certain di¬ 
lutions a decrease in conductivity with increase in temperature. 
The temperature coefficients are in all except the most concen¬ 
trated solutions very small. They pass through a minimum of 
negative value. 

Lithium Iodide 

This salt after several months’ standing over phosphorus 
pentoxide was heated for nearly one week at 150°. 

Table XXV —Molecular Conductivity 


V 

Xo 

X2b 

XbO 

i 

1.00 

4.40 

7.04 

9.82 

2 ! 

1 19 

10.98 

13-82 

10 * 

I 

12.76 

16.40 

18.62 

100 j 

18.34 

: 23.35 

25-98 

1000 1 

27.10 

35-99 

42-65 

10000 ! 

31-20 

. 44-4 j 

50.50 

cc i 

(31-2)* 

! (44.9) ! 

(50.5) 


^ Solidified. 

* Extrapolation. 






The Electrical Conductivity oj Solutions 33 


Table XXVI —Temperature Coefficients 


V 

1 i 

1 X26 — Xo 1 

1 Xo.25 1 

Xso Xo 

X0.50 

Xfto — Xm 
X 25 .25 

I 

j 0.0224 j 

0.0246 

0.0158 

2 

! ' 0.0164 

0.0155 

0.0103 

10 

I O.OII4 j 

0.0092 

0.0054 

100 

j 0.0109 I 

0.0083 

0.0045 

1000 

0.0131 ! 

O.OH5 

O.OO74I 

lOOOO 

; 0.0169 i 

0.0124 

0.0055 


From Table XXV it will be observed that lithium iodide 
is a good conductor. The molecular conductivity increases 
very rapidly for slight dilution in the concentrated regions and 
-then more slowly, but steadily up to a maximum at ten 
thousand liters. The temperature coefficients pass through 
a minimum at a dilution of one hundred liters. 

Sodium Iodide 

Table XXVII —Molecular Conductivity 


V 

Xo 

X26 

X50 

1-33 

0. 11 ^ 

0 70 

0.84 

5 

10,0 

11.14 

11,20 

10 

14-56 

16.15 

15 80 

100 

21.66 

23 8i 

22.87 

1000 

32.99 

39-53 

41 28 

10000 

42 20 

56.70 

63.20 


Table XXVIII —Temperature Coefficients 


V 

X26 — Xo 

1 Xo. 25 

1.33 

5 

j 0.2084 

1 0.0046 

10 

0.0044 

100 

0.0040 

1000 

0.0079 

lOOOO 

0.0137 


Xeo — Xo 

Xfto — X26 

Xo. 50 

X26.25 

0.1279' 

0.0076 

0.0024 

0.0002 

0.0017 i 

-0 0009 

O.OOII i 

—0.0016 

0.0050 1 

0.0018 

0.0099 ' 

0.0046 


Solid phase present. 
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Sodium iodide solutions in pyridine are good conductors 
at all dilutions except those near the point of saturation where 
the molecular conductivities are very small at all tempera¬ 
tures. By extrapolation Xqq was found to be 43.3 at 0°. has- 
zczynski and Gorski’ obtained 44.32 for the value of at 
18°. For 25° and 50° no limiting values of the molecular 
conductivity could be found; at these temperatures the con¬ 
ductivity continues to increase with dilution more rapidly 
than at 0°. The temperature coefficients exhibit well defined 
minima with negative values appearing for temperatures 
between 25° and 50°. 

Potassium Thiocyanate 

The sample was recrystallized from absolute alcohol, 
washed with the alcohol and dried at 95°. This salt differs 
from the others that have been studied in that its solubility 
in pyridine decreases as the temperature rises. 

Table XXIX—Molecular Conductivity 


V 

Xo 

1 X26 

Xeo 

7 

5 97 

7.12 

7.75 

14 

7.20 

8-45 

9.00 

70 

11,40 

13 -36 

H -54 

140 

14.17 

16.77 

18.14 

1400 

27.32 

33 70 

38.31 

14000 

42.86 

58.51 

71.30 

00 

46.5^ 



Table XXX — Temperature Coefficients 

V 

X 26 -Xo 

Xfto — Xo 

X60 — Xjj 


Xo . 25 

Xo. 5 f> 

X26 .25 

7 

0.0077 

0,0060 

0.0035 

14 

0.0069 

0.0050 

0.0026 

70 

0.0070 

0.0055 

0.0035 

140 

0.0073 

0.0056 

0.0033 

1400 

0.0093 

0.0081 

0.0055 

14000 

0.0146 

0.0133 

' 0.0087 


* Loc. cit. 

* By extrapolation. 
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Apparently the conditions which tend to producefa de¬ 
crease in solubility with rise in temperature are those which 
have to do with rapid increase in conductivity atjhigher 
temperatures. The temperature coefficients here alsofpass 
through a minimum. 

Ammonium Thiocyanate 

The anhydrous salt was prepared in the same manner as 
was the potassium salt. 

Table XXXI —Molecular Conductivity 


V i 

Xo ! 

X26 

Xfco 

0-33 1 

1 

2.10 : 

4 46 

7 43 

I 00 

8.21 j 

11 70 

15.12 

2 00 

10 45 ■ 

13.76 

16.53 

10 (X) ! 

11 96 ; 

14.56 

16.29 

I<X ).00 i 

17 00 

20.33 

22 18 

1000 00 

33 57 

41.80 

47 76 

Table XXXII —^Temperature Coefficients 

V 

X26 — Xo 

Xfto — Xo 1 

X.SO — X26 


Xo . 25 

Xo .50 

Xii 25 

0.33 

0.0451 : 

0.0508 1 

0.0266 

1.00 

0.0170 

0.0169 1 

0 01 17 

2 00 

0.0127 

O.OII6 1 

0 0081 

10.00 

o.(K)87 , 

0.0072 

0.0048 

100.00 

0.0078 

0.0061 

0 0036 

1000.00 

0 0098 

0.0085 

0.0057 


The molecular conductivity curves for ammonium thio¬ 
cyanate are peculiar in that they rise rapidly with slight in¬ 
crease in dilution, then rise slowly for a considerable change 
in dilution, and finally increase rapidly as the dilution is 
further increased. The values for X, are considerably larger 
than those found by Taszczynski and Gorski. Working 
up to dilutions of 2080 liters these men calculated the value 
of X00 at 18° to be 40.22. In the curves for the above tables 
it is clearly seen that the o°-curve gives promise of a limiting 
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value for X„ but the 25°- and 50“-curves give no sign of such 
a behavior. 

The initial rapid increase in the molecular conductivities 
and decrease in the temperature coefficients are undoubtedly 
due to a rapid decrease in the viscosity of the concentrated 
solutions with slight increase in dilution. The concentrated 
solutions here used are very viscous. 


Mercuric Chloride 

Table XXXIII—Molecular Conductivity 


V 

Xo 

i 

Xyfi 

Xfio 

0-5 

0. 009^ 

0.036 

0.045 

1.0 

0.019 

0.025 

0.030 

2.0 

o.pi6 

0.021 

0.025 

10.0 

0.016 

0.021 

0.027 

100.0 

0.037 

0.061 

0.067 

1000.0 

0.130 

0.260 

0.400? 

Table XXXIV —Temperature Coefficients 

V 

Mb - Xo 

Xho — Xo 

Xso — X25 

Xo . 25 

Xo . 50 

/< 

0.5 

0.1176* 

0.0793 

0.0104 

1.0 

0 0136 

O.OI19 

0.0076 

2.0 

0.0126 

0.0105 

0.0065 

10.0 

0.0126 

O.OI41 

0.0II9? 

100.0 

0.0260 

0.0162 

0.0139 

1000.0 

0.0400 

0.0415 

0.0215 


Mercuric 

Bromide 


Table XXXV —Molecular Conductivity 

V 

Xo 

X26 

Xfio 

0.5 

0.012^ 

0.034 

0.043 

1.0 

0.020 

0.026 

0.032 

2.0 

0.018 

0.023 

0.026 

10.0 

0.017 

0.023 

0.028 

100 

0.031 

0.047 

0.053 

1000 

0.130 

0.280 

0,290 


* Solid phase present. 
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Mercuric Iodide 

Tabi,e XXXVI —Molecular Conductivity 


v 

. Xo 

X25 

j Xfio 

0.5 

! —' 

0.013 

i 0 018 

1 

1.0 

: 0.009 

0.013 

1 0.018 

2.0 

’ 0 008 

0.012 

' 0 015 

10.0 

0.013 

0.019 

i 0,024 

100.0 

0.069 

0.102 

0 117 

1000.0 

0.266 

0 364 

0.448 


The conductivities of the mercuric halide salts are ex¬ 
tremely poor conductors. With increase in dilution the molecu¬ 
lar conductivity varies but little and only begins to show an 
appreciable increase at a dilution of one hundred liters. All 
three of the salts show faint but distinct minima in the molec¬ 
ular conductivity. Since the molecular conductivities are 
so small, any slight errors in them will be highly magnified 
in the temperature coefficients. The values of the latter are 
all of the same order of magnitude as those given for mer¬ 
curic chloride and all three salts give minima for temperature 
coefficients. 

The values for for mercuric iodide are much smaller 
than those obtained by Lincoln^ at 25 

Copper Chloride 

Kahlbaum’s C. P. cupric chloride was heated for several 
hours in a stream of pure dry hydrogen chloride at 160®, 
then heated in a stream of dry hydrogen and cooled in a 
current of the latter; lastly, it was quickly transferred to a 
weighing bottle and further heated in an .air bath at 160°. 

Table XXXVII —Molecular Conductivity 


V 

Xo 

X26 

X 50 ^ 

25 

0.053 

0.062 

0.074 

50 

0.066 

0.076 

0.086 

100 

0.088 

0.098 

0. 11 1 

200 

0.130 

0.146 

0. I7I 

500 

0.203 

0.216 1 

0.216? 

1000 

0.302 

0.365 

0.410 


‘ Solid phase present. 
• boc. dt. 
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Tablb XXXVIII— ^Tbmpbraturb Cobbbicibnts 


V 

X26 — Xo 1 

Xo . 25 

X(o *““ Xo 

Xo . 50 

Xio — X26 
X2i . 25 

25 

0.0073 

0.0082 

0.0076 

50 

0.0059 

0.0059 I 

1 0.0052 

100 

0.0045 

0.0053 

' 0.0055 

200 

0.0050 

0.0063 

0.0063 

500 

0.0027 

0.0014 

0.0000 

1000 

' 0.0084 

■ 0.0072 

' 0.0049 


The molecular conductivities for all temperatures in¬ 
crease steadily with increase in dilution. While more or less 
irregular the temperature coeflScients exhibit a minimum 
value in the dilute regions. 

Kohlschuetter’ states that cupric chloride dissolved in 
pyridine gives a blue solution and since its molecular weight 
as determined by the boiling point method is normal, its 
color may be attributed to that of the undissociated cupric 
chloride. Naumann* has also observed this blue color in 
his work and assumes it to be due to the presence of the com¬ 
plex, CuCU.zP)^-. All of the cupric chloride solutions used 
in this work gave a beautiful, deep green color without the 
least indication of a bluish tint and, furthermore, the solu¬ 
tions remained green for several months. On the other 
hand, in making one of the trial solubility tests an attempt 
was made to weigh the salt directly. The salt absorbed 
moisture so rapidly that this was impossible. Although 
it was noticed that the edges of the salt mass had taken on 
a greenish blue color, it was quickly transferred and dissolved 
in pyridine and, as might be expected, the solution was per¬ 
fectly "l^lue. When however, the salt was quickly weighed by 
difference, a deep green solution was always obtained. It 
is evident, therefore, that the blue solutions reported by Kohl- 
schuetter and Naumann owe their blue color to traces of water. 


' Ber. deutsch. chem. Ges , 37, 1153 (1904). 
» Ibid., 37, 4609 (1904). 
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Copper Nitrate 

A o.i N solution of silver nitrate was treated with an ex¬ 
cess of finely divided, reduced metallic copper and allowed to 
stand until the solution gave no test for silver. 

Table XXXIX—Molecular Conductivity 


V 

Xo 

X25 

X50 

10 

9.68 

12.94 

14.96 

20 

5 00 

7 21 

8.88 

40 

8.57 ! 

1 11.60 

14. 16 

100 I 

12.08 j 

16 43 

20 43 

1000 

16.41 ; 

23.88 

3971 

lOOOO 

19.42 I 

27.24 

45-71 


Table XL—Temperature Coefficients 


V 

i " ' 1 

j X26 — \q 1 

Xfto — Xo 

, Xfco — X26 


; ^“-"5 , 

Xo .50 

X26. 25 

10 

! 0.0135 i 

0.0109 

0.0062 

20 

0 0176 1 

0.0155 j 

0.0093 

40 1 

0.0142 j 

O.OI31 

0 0088 

100 

0.0144 1 

0.0138 j 

0.0097 

1000 

0.0158 1 

0.0162 j 

O.OII9 

lOOOO 

O.OI6I 1 

0.0168 1 

0.0124 

Copper nitrate gives far 

better conducting solutions 


than does the chloride. 

Cobalt Chloride 

The pure salt was first partially dehydrated by long stand¬ 
ing over phosphorus pentoxide and then subsequently treated 
according to the method employed for copper chloride. The 
final product was of a pale blue color. Reitzenstein^ pre¬ 
pared the compound CoCl2.4PyT. Pearce and Moore* found 
that within their respective temperature limits we may have 
the three compounds, CoCU.fiPyr, CoCl2.4Pyr, and C0CI2.- 
aPyr. 


' Ann. Phys. Chem., 43, 839. 

* Am. Chem. Jour., 50, 231 (1913). 
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Cobalt chloride dissolved in pyridine gives a red solution 
at o°, a violet at 25°, and a deep purple at 50®. These color 
changes at different temperatures are doubtless closely as¬ 
sociated with changes in the amount of p3nidine combined with 
the salt, since the colors of the solid phases in contact with the 
saturated solutions at these temperatures are approximately 
the same as those of the solutions. 


Table XLI— Molecular CoNoucriviTy 


V 

Xq 

X26 

Xso 

10 

0.009^ 

0.012 

' 0.021 

20 

0.015 

0.015 

i 0.022 

40 

0.021 

0.020 

0.024 

100 

0.042 

0.045 

' 0.041 

1000 

0.220 

0.230 

' 0.310 

lOOOO 

0.600 

I .000 

— 

Table XLI I — ^Temperature Coefficients 

V 

X26 — Xo 

Xfco — Xo 

X50 — X24 

>^o 25 

Xo • 50 

X26. 25 

10 

0.0148^ 

1 

0.0293 1 

0.0319 

20 i 

0.0019 i 

O.OIOI 

0.0174 

40 1 

—0.0021 1 

0.0028 

0.0082 

100 } 

0.0028 1 

—0.0005 ! 

- 0.0036 

1000 1 

0 0018 i 

0.0082 1 

0.0139 


Cobalt chloride in p)Tidine gives at best exceedingly poor 
conducting solutions. By some its solutions are considered 
as non-conductors. Consequently, slight errors are highly 
magnified. The results obtained show a continuous increase 
in molecular conductivity with dilution for all temperatures. 
Lincoln’s values for at corresponding dilutions are very 
much higher than the values here given. The temperature 
coeflScients, although subject to error, show definite minima 
at which negative coefficients are observed. As is evident 
from Table XLII the effect of temperatxire is greater be¬ 
tween 25° and 50° than at the lower temperatures. This is 


^ Solid phase present. 
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no doubt due to the greater instability of the solvated ions at 
higher temperatures. 

Cadmium Nitrate 

The solution of the pure salt was prepared by displacing 
the silver of a o. i A/^ solution of silver nitrate by means of pure 
metallic cadmium. 

Table XLIII —Molecular Conductivitv 


V 

Xo 

X2S 

Xeo 

10 

O.I4I 

0 160 

0. 122 

20 

0.322 

0.348 

0.288 

40 

0.402 

0.433 

0 340 

100 

0.694 

0.733 

0.630 

1000 

2 370 

2.310 

2.440 

lOOOO 

7.400 

8.600 

9.800 

Table XIJV —Temperature Coefficients 

V 

X24 — Xo ‘ 

Xfio — Xo 

Xi# — X26 

X0.25 

Xo.50 j 

X2S.25 

10 

0.0052 

—0.0028 

--0.0095 

20 

0.0033 

—0.0021 

—0.0070 

40 

0.0031 

— 0.0031 i 

—0.0086 

100 

0.0023 

—0.0018 ; 

—0.0056 

1000 

—O.OOIO , 

0.0006 i 

0.0023 

lOOOO 

0.0065 

0.0065 i 

0.0056 

Solutions of cadmium nitrate would be classed as 


conductors; the values of X, increase with dilution throughout. 
For the concentrated solutions increase of temperature above 
25 ° produces a rapid decrease in conductivity and, as the tem¬ 
perature coefficients show, this decrease is greater between 
25° and 50° than between 0° and 25°. An explanation for 
this phenomenon will be given in the discussion. 

Summary of the Results in Pyridine Solution 

The molecular conductivities of fourteen salts and their 
temperature coefficients have been determined in pyridine 
solutions. These salt may be divided into two classes, the 
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strong and the weak. Among the former are silver nitrate, 
lithium iodide, sodium iodide, potassium and ammonium 
thiocyanates and copper nitrate. The values for \ of these 
salts are very small in the most concentrated solutions, but 
they increase rapidly with slight initial dilutions and then 
more slowly with further increase in dilution. All of them 
give minima in the temperature coefficients, except copper 
nitrate whose temperature coefficients seem to increase steadily 
with dilution. 

The weak salts are lithium chloride, lithium bromide, 
the three mercuric halides, copper chloride, cobalt chloride 
and cadmium nitrate. Only the mercuric salts give minimum 
values for X,; the molecular conductivity of the others in¬ 
creases slowly with increasing dilution. All but one salt*of 
this group give minimum values for the temperature coeffi¬ 
cients, those of lithium chloride decrease with dilution. Nega¬ 
tive temperature coefficients have been found for solutions of 
sodium iodide, lithium bromide, cobalt chloride and cadmium 
nitrate. 

Discussion 

The molecular conductivity of a solution of an electro¬ 
lyte is dependent first upon the nature of the solvent and 
primarily upon its dielectric constant, or specific inductive 
capacity. According to the Nemst-Thomson rule, the dis¬ 
sociating power of a solvent will be greater, the greater is its 
dielectric constant. 

Walden* has found that the dielectric constants of solvents 
of feeble ionizing power is increased by dissolving in them cer¬ 
tain binary salts. The amount of this increase depends upon 
the constitution of the salt used. According to him salts may 
be divided into two classes, the strong and the weak. Strong 
salts exhibit a great tendency to ionize and possess large di¬ 
electric constants, while in a weak salt both of these are small. 
The degree of ionization of a salt depends both on the ionizing 
power of the solvent and the tendency of the salt to ionize. 

* Bill). Acad. Sci. St. Petersburg, 1912, 305-332. 
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As both of these factors increase with the dielectric constant 
the highest degree of ionization will be found in a system where 
both the solvent and the solute possess large dielectric con¬ 
stants. 

The molecular conductivity also depends upon the degree 
of dissociation of the electrolyte, the nature of the ions, their 
speeds and the viscosity of the solutions. The degree of dis¬ 
sociation depends upon the magnitude of the electroaflSnities 
of the ions formed. It will also be more or less affected by the 
degree of solvation of the molecules and ions present, since, 
doubtless, the energy content of the simple and pol)rmerized 
molecules, as well as the electroaflBnities of the ions must be 
somewhat modified by combination with the solvent. If 
degradation of energy accompanies an increase in electro¬ 
affinity, then, as Sachanov* states, the electroaffinity of the 
ions must increase with solvation and, for a given electrolyte, 
will be greater, the more dilute the solution is. 

The speeds of the ions, if they have the power of combining 
with the solvent, must also be greatly affected by solvation; 
the greater the amount of solvation, the greater will be their 
mass, or volume, and, therefore, the smaller will be their mi¬ 
gration velocities. Since, according to the Law of Mass Action, 
the degree of solvation of the ions must increase with increas¬ 
ing dilution, the effect of solvation upon the ionic velocities 
will be greatest in the most dilute solutions. 

The stability of the solvated ions (also molecules) de¬ 
creases with rise in temperature. If we consider solutions 
which are dilute with respect to a given ion, we should expect 
to find the effect of temperature to increase with dilution. 
That this is true may be seen from a study of the temperature 
coefficients given in this paper. 

According to.Noyes and Coolidge,- the molecular conduc¬ 
tivity of aqueous solutions for a given concentration, increases 
steadily with rise in temperature up to 306°, the increase 


^ Lroc. cit. 

2 Zeit. phys. Chem., 46, 323 ( 1903 ), 
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being due chiefly to a steady decrease in viscosity. The 
rate of decrease in dissociation of the salt is small between i8® 
and ioo°, but becomes much larger for higher temperatures. 
This decrease is evidently due to a change in the nature of the 
solvent, i. e., a decrease in its degree of association and, hence, 
in its dissociating power. 

If the formation of ions depends to any extent upon the 
power of these ions to combine with the solvent, an increase 
in temperature should be accompanied by a decrease in ioniza¬ 
tion and likewise in molecular conductivity. It has been noted 
that hthium bromide, sodium iodide, cobalt chloride and 
cadmium nitrate in pyridine give negative temperature 
coefficients. For lithium bromide the value of X for a o.oi N 
solution decreases slowly from o° to 25 ° and then more rapidly 
up to 50°, while the same values for the other three salts in¬ 
crease up to 25° and then decrease with rise in temperature. 
All of these show a tendency not only to form polymeric 
molecules in pyridine, but also the power to form p)nidine- 
solute complexes. The effect of temperature on these solvates 
is clearly indicated by the color changes in the cobalt chloride 
solutions. These salts also have the power to form complex 
ions which, doubtless, also have a great tendency to form 
solvates. It will be observed also that these negative tem¬ 
perature coefficients are those of minimum value. They are 
likewise found in those concentrations in which the concen¬ 
tration of the complex ions is least and hence most highly 
solvated. The effect of temperature upon the unstable solvent- 
ion complexes will, therefore, be greatest at this point. If, 
again, the formation of these ions depends upon their power 
to combine with the solvent, then the degree of ionization 
should decrease with rise in temperature. This assumption 
agrees perfectly with the results obtained. 

It was, for a time, believed that the molecular conduc¬ 
tivity of an electrolyte in solution must increase with dilution. 
Then appeared the above cited work in organic solvents 
which, in the minds of some chemists, completely overthrew 
the whole electrolytic dissociation theory. In practically 
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all of these cases the molecular conductivity was found to de¬ 
crease with increasing dilution. Unfortunately, these investi¬ 
gators seem to have stopped too soon. Had they but continued 
their work at greater dilutions, they would probably have found 
that in very dilute solutions in these solvents the molecular 
conductivity beha\'es normally as in aqueous solutions. 

I'his has. been found to be true for solutions in aniline, 
quinoline and pjTidine, without exception. There are also 
solutes which in these three solvents show increase in conduc¬ 
tivity throughout the whole range of dilution. 

The three solvents chosen are but slightly, if at all, as¬ 
sociated and they have small dielectric constants, viz., aniline = 
7.31,’quinoline = 8.8,*’pyridine = 12.4.- The ionizing power 
of the solvents and the conductivity of their solutions increase 
from aniline to pyridine. Salts dissolved in them give, for 
the most part, low molecular conductivities and exhibit a 
great tendency not only to polymerize, but also to combine 
with the solvent. It is probable that there are present at all 
dilutions to a greater or less extent, both the simple and 
polymeric molecules and their ions, as well as the solvated 
forms of each. 

We may represent the condition of equilibrium existing 
in a solution by the following scheme: 

LbSi -t- Br-Sj UBr-Sa (LiBUj-S^ Li-S, -f- LiBrj-Ss, 

where Si, S2, Ss, etc., represent the number of molecules of 
combined solvent. The two molecular forms are in equilibrium 
with each other and also with their respective ions. 

Unfortunately, we have no means of arriving at any 
conclusions as to the complexity of the solute in these solvents, 
except by the boiling-point method and this is not applicable 
in the very dilute solutions. The assertion that simple mole¬ 
cules predominate in the dilute solutions is supported by ex¬ 
periments upon the molecular weights of alcohol, acetic acid 

' Turner; Zeit. phys. Chem., 35, 385 {1900). 

® Schlundt: Jour. Phys. Chetn., 5, 157 (1901). 
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and phenol in benzene. The molecular weights are smallest 
in the dilute regions and increase rapidly with increase in 
concentration, e. g., 



Concentration 

Mol. weight 

Mol. weight 


Percent 

found 

Theory 

Alcohol 

O. l6l 

46 

46 


32.50 

318 

Acetic acid 

0.465 

110 

60 


22,8 

1 153 

Phenol 

0-34 

144 

94 


26.8 

252 


Most of the salts used in this work show by the boiling- 
point method either normal molecular weights or slight as¬ 
sociation. That these solutions contain ions is obvious from 
the fact that they conduct electricity. It is obvious also 
that the phenomena of ionization, polymerization and solva¬ 
tion may all exist at the same time and still give normal molecu¬ 
lar weights, since the effect due to polymerization of the solute 
molecules under the conditions need only be just sufficient 
to counteract the effects due to ionization and solvation. 

Returning to our equilibrium equation, it is evident 
that, if we begin with the most dilute solutions and increase 
the concentration, there will be a repression of the simple 
ionization with the formation of simple molecules. The 
molecular conductivity in the dilute solutions should, and 
does, decrease with increase in concentration. 

With the increase in concentration of the simple mole¬ 
cules there is an accompanying increase in the number of the 
more easily ionizing polymerized molecules. 

Normally, the molecular conductivity of any salt, whether 
simple or complex, should decrease with increase in concen¬ 
tration, whereas in many solvents the reverse is true. One 
way of explaining this phenomenon seems to have been over¬ 
looked, one which at least seems logical and in harmony with 
the facts. 

Let us take a solution of a salt at a dilution which is far 
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beyond that dilution which just gives complete dissociation 
or maximum molecular conductivity. If now we begin to 
remove the solvent (say, by evaporation) the molecular con¬ 
ductivity calculated for the successively increasing concen¬ 
trations will remain constant up to that concentration which 
first gives the maximum molecular conductivity. If, however, 
we should start with that initial great dilution and, while 
removing solvent, add the ions of the salt sufficiently rapidly, 
we should find for each successively greater concentration an 
increase in the molecular conductivity until that concentra¬ 
tion is again reached which first gives the maximum value. 
After this the molecular conductivity must again decrease 
with increase in concentration. 

Since the amount of polymerization of the solute mole¬ 
cules need only be very small in order to compensate for the 
effect due to ionization, as determined by the boiling-point 
method, we cannot be far wrong in assuming that the polym¬ 
erized molecules are highly dissociated and that their ionic 
product, 

lT-S, X Liira-Ss = K. 

is relatively very large. Furthermore, according to Walden’s 
views upon the dielectric constant, the dissociation should 
increase with increase in the concentration of the salt. We 
may consider, therefore, that those dilutions which give mini¬ 
mum values of molecular conductivity are far beyond the 
dilution at which the pol)Tnerized molecules are completely 
dissociated. Normally, the molecular conductivity of these 
should remain constant with removal of solvent until that 
concentration is reached which just gives the maximum value 
for the molecular conductivity of the polymerized solute. 
With the increase in concentration of the highly dissociated 
polymer there is an abnormally rapid increase in the number 
of ions with the result that from the minimum on the molecular 
conductivity increases with concentration. If it is possible 
to exceed the ionic product which the ions of the poljrmerized 
molecules would give at the concentration giving the maxi- 
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mum molecular conductivity, then from this point on the 
molecular conductivity should decrease with fiuther increase 
in concentration. 

Starting then with the most concentrated solutions, the 
molecular conductivity should first increase with dilution to 
a maximum, due to an increase in the dissociation of the solute 
and a decrease in the viscosity of the solution. From the 
maximum the molecular conductivity decreases abnormally, 
due to a rapid decrease in the number of’ ion-forming mole¬ 
cules which in its effect more than counterbalances the effect 
due to increase in dissociation. At the minimum the influences 
due to the two kinds of molecules and their respective dissocia¬ 
tions just balance each other. From the minimum on the 
molecular conductivity continues to increase with further 
dilution due to the ionization of the simple salt. 

A curve representing such a phenomenon would have a 
maximum in the concentrated regions, a minimum at higher 
dilutions and, if complete dissociation is possible, a second 
maximum at infinite dilution. The data for the molecular 
conductivity of tetraethylammonium iodide in aniline when 
plotted give exactly this form of curve. The same may be 
said for the data otained by Franklin and Gibbs for solutions 
of silver nitrate in methylamine.* They, however, explain 
the phenomenon as due to the auto-ionization of the salt. 

If, on the other hand, it is not possible to exceed the value 
for the ionic product at complete dissociation, the molecular 
conductivity should continue to increase with the concentra¬ 
tion up to the concentration of the saturated solution. This 
should be true unless, perhaps, the ■viscosity of the solutions 
at these very high concentrations should be great enough to 
cause a decrease in conductivity. All of the most concen¬ 
trated solutions in the solvents studied possess a relatively 
high degree of viscosity, yet for all, with the single exception 
of tetraethylammonium iodide, the molecular conductivity 

' Jour. Am. Chem. Soc., 29, 1389 (1907). 
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increases along with the viscosity as the concentration is 
increased. 

Silver nitrate is the only salt that has been used in all 
three solvents; anihne hydrobromide has been used in aniline 
and quinoline. While these two can scarcely be considered 
as a basis for comparison, a study of their molecular conduc¬ 
tivities brings out one or two interesting points. It will be 
observed that as the dielectric constants of the solvents in¬ 
crease the dilution at which the value of the molecular conduc¬ 
tivity is a minimum is displaced toward solutions of higher 
concentration. The tendency for molecular conductivity to 
increase with concentration, likewise, becomes less. If this 
tendency is due to the presence of easily di.ssociating polymeric 
molecules, then we can say that the tendency of a solute to 
polymerize in different solvents becomes greater, the smaller 
the dielectric constant of the solvent. In the dilute solutions 
the molecular conductivity and hence the dissociation of the 
solute for a given normality increases with the dielectric 
constant of the solvent. In so far as these salts and solvents 
give us a clue, we are justified in saying that the Nemst- 
Thomson rule does hold for dilute solutions in solvents with 
low dielectric constants. 

This work is to be continued with solutions in other or¬ 
ganic solvents. 

Physical Chemical Laboratory 

The State University of Iowa 
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BY WILDER D. BANCROFT 

In the first paper of this series tables were given> showing 
that the amounts of tannin taken up by wool* and by cotton® 
.vary continuously with the concentration of the aqueous 
solution, no definite compound being formed. Wool takes 
up more tannin from hot solutions than from cold ones; 
but the reverse appears to be true for cotton.'* Since tannin 
is an acid mordant, the amount adsorbed should be less in 
alkaline solutions and greater in acid solutions if no other 
factor comes in. Addition of alkali cuts down the amount 
of adsorbed tannin almost to zero. Addition of acetic acid® 
increases the adsorption which, however, passes through a 
maximum® when the concentration of the acid becomes high. 
Sulphuric acid decreases the adsorption of tannin by cotton, 
and hydrochloric acid has practically no effect at all. These 
differences with different acids are undoubtedly connected 
with the relative adsorptions of these acids by cotton and we 
cannot hope for a complete understanding of the matter until 
somebody secures data with special reference to this point. 
The increased adsorption due to salts seems to depend more 
upon a decrease in the apparent solubility of the tannin than 
upon any effect due to adsorbed ions, though here again satis¬ 
factory data are entirely lacking. 

I have been unable to find any quantitative data in regard 
to the adsorption of oil mordants by cotton. In view of what 
we know about the adsorption of hydrochloric and sulphuric 
acids by cotton, there is no reason for assuming the existence 
of any compounds in the case of oleic acid or sulphonated 
Turkey red oils. 

^ Bancroft: Jour. Phys. Chem., i8, 4 (1914). 

* Pelet-Jolivet: '*Die Theorie des Farbeprozesses," 79 (1910). 

® Sanin: Zeit. Kolloidchemie, 10, 82 (1912). 

* Knecht and Kershaw: Jour. Soc. Dyers, 1892,40; Ganswindt: ‘‘Theorie 
und Praxis der modemen Farberei,” 2, 216 (1903). 

* Knecht, Rawson and Loewenthal: Manual of Dyeing,*' i, 188 (1910). 

* Dreaper: ''The Chemistry and Physics of Dyeing," 161 (1906)- 
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As yet only a few lakes have been studied carefully from 
the viewpoint of colloid chemistry; but these few cases are 
enough to clear up matters very much. Biltz* has studied 
the behavior of alizarine with hydrous chromic oxide and 
hydrous ferric oxide to determine whether chromic and ferric 
alizarates are formed. In Table I are given the data for ali¬ 
zarine red SW and chromic oxide. To 5.460 cc of chromium 
hydroxide gel (= 0.1106 g CrjOj) there were added 200 cc 
aqueous alizarine solution, containing 0.8 percent NaOH; 
the mixture was boiled for an hour and a half. 

Table I 


Cone, solution i 
g/liter : 

1 Grams dye 

1 adsorbed per 
gram oxide 

j Cone, solution 
g/liter 

Grams dye 
adsorbed per 
gram oxide 

0.00034 j 

0.175 

0.0188 

0.565 

0.003I 

0.306 

0.0341 

0.740 

0.0052 

j 0.358 

0.0500 

0.904 

0.0078 1 

1 0.402 

' 0.417 

1.50 


There is a continuous increase in adsorption with increasing 
concentration, and the data can be represented fairly well 
by an exponential formula {x/my — 2.1 c where x/m is the 
amount of alizarine per gram of oxide and c is the equilibrium 
concentration in the solution. Biltz, therefore, concludes 
very properly that no chromium alizarate is formed. 

The data for alizarine and ferric oxide are given in Table 
II. To 2.220 cc ferric oxide gel (= 0.1141 g FeOj) there were 
added 200 cc of varying amounts of alizarine dissolved in 0.8 


percent NaOH. 

The mixture was shaken for 6-8 hours. 


Table II 


Cone, solution 
g/liter 

Grams dye 
adsorbed per 
gram oxide 

Cone, solution 
g/liter 

' 1 

Grams dye 
adsorbed per 
gram oxide 

O.0OH4 

0.0677 

0.00261 

' 0.655 

0.00201 

1 0.0964 

' 0.00281 

! I 01 

0.00234 

0.134 

' 0.00326 

1 1-695 

0.00242 

0.308 

* 0.00369 

2.57 


‘ Ber. deutscb. chem. Ces., 38, 4143 (1905). 
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While the concentration in the solid is increasing from 0.134 
to 6.01 the concentration of the solution varied only from 
0.00234 to 0.00281. Biltz was of the opinion that this was 
really to be considered as a constant concentration, so he ran 
another set of experiments with 1.025 cc ferric oxide gel 
(= 0.05815 g FejO,!). The data are given in Table III. 



T.\ble 

Ill 


Cone, solution 

g/liter ; 

(iranib dye 
adsorbed per 
gram oxide 

Cone solution 
g/Hter 

Grams dye 
adsorbed i>er 
gram oxide 

0.00313 

0 236 

0 0052 

3 27 

0.00314 

0 579 

0.0125 

4.73 

0.00355 

* 425 

0 0708 

6.16 

0.00417 

2.44 

6 

6.57 


From these experiments, Biltz concluded that we really 
have a fenic alizarate consisting of one molecule Fe203 to three 
molecules alizarine. He accounts for the fact that the concen¬ 
tration of the solid phase continues to rise by postulating that 
the amorphous, hypothetical ferric alizarate adsorbs alizarine. 
This might be legitimate if the amount of adsorption were 
small; but it runs to an excess of forty percent of alizarine, 
stopping there merely because no more experiments were 
made. The only proper deduction to be made from these ex¬ 
periments is that there is no evidence of the formation of ferric 
alizarate and that we are dealing with a continuously varying 
adsorption. This is confirmed by the fact that gelatinous ferric 
oxide takes up six times as much alizarine as a granular o.xide. 
If we had a definite compound, the granular oxide should 
have shown it clearly. Of course, I do not intend to deny 
the possibihty of ferric alizarate and chromic alizarate ex¬ 
isting under certain conditions but merely that they are not 
formed under the conditions described. For instance, we do 
not get any hydrate of ferric oxide under ordinary conditions 
of precipitation; but van Bemmelen^ has shown that a mono- 
hydrate can be prepared from sodium ferrite. 


^ ''Die Absorption.” 174 (1910/. 
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The experiments of Liechti and Suida’ on ferric alizarate 
are not convincing either way. They mixed solutions of ferric 
chloride and ammonium alizarate together according to the 
equation FeaCU + 3Ci4H(i04fNH4)2 = Fe2(Ci4Hfi()4)3 + 6NH4CI, 
and a brownish black precipitate of ferric alizarate was thrown 
down. I'his in itself means nothing because the precipitate 
would have to have this composition unless the solution were 
to become acid or alkaline. If the solution had become either 
acid or alkaline, some of the alizarine or of the iron would 
hav’e been dissolved. “If the ])recipitate is well washed, 
dried, and extracted with ether, a moderately large amount 
of alizarine dissolves out and the residue, on re-drying, forms 
a black powder which, on analysis, gives the formula 
Fe203(C)iHo()3)2-6 ” The extraction of alizarine by ether is 
not proof that we have or have not a compound. Alcohol 
will take cupric chloride out of the definite compound 
CuClj.zlT'O.zKCl and will extract adsorbed iodine from char¬ 
coal. If the extraction was carried on long enough, the ether 
ought to have taken out all the alizarine in excess of the next 
compound supposing there to be any. On that basis the 
system is behaving like one in which we have adsorption and 
no compottnds. 

“If pure ferric hydrate, freshly prepared and well washed, 
is stirred up with a quantity of alizarine paste and water in 
proportions corresponding to the formula Fe203.3Ci4H804, and 
the mixture gradually heated to 100°, and then boiled five 
hours, the water lost by evaporation being replaced, a pre¬ 
cipitate is produced which is soluble to some extent in distilled 
water, giving a violet solution. If this is washed, dried, and 
then extracted with ether, the ether dissolves out a large 
quantity of alizarine. The residue, redried and analyzed, 
has the formula (Fe 203 )s(Ci 4 H 60 . 2 ) 2 . It is more than probable 
that by the long-continued boiling, a part of the ferric hy¬ 
drate loses some of its hydroxyl groups as water, thus forming 
only a very basic compound, which may also be regarded as 


^ Jour. Soc. Chem» Ind., 5, 523 (1886). 
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a mixture of a less basic compound with ferric oxide.” Since 
there is no such compound ordinarily as ferric hydroxide, 
the non-existent hydroxyl groups cannot be lost. If this 
were ferric alizarate and ferric oxide, both sets of experiments 
on extraction with ether are grossly inaccmate. We do not 
have to question the accuracy of Liechti and Suida’s experi¬ 
mental work if we postulate adsorption. On heating for five 
hours, the hydrous ferric oxide coagulated somewhat and had 
less adsorbing power. Consequently, more alizarine was ex¬ 
tracted with ether. 

Pelet-JoUvet* has made some experiments on the dyeing 
by crystal ponceau of wool mordanted with alum. The data 
are given in Table IV. 

Table IV 

2 grams wool mordanted with alum 
Volume of solution = 200 cc 
A = crystal ponceau (sodium salt) 

B = crystal ponceau -f 0.25 g NasS04.ioH*0 
Time = 5 days at room temperature 


Total dye 
milligrams 

Dissolved | 
dye A 

milligrams j 

Adsorbed 
dye A 
milligrams 

Dissolved 

1 dye B 

1 milligrams ^ 

Adsorbed 
dye B 
milligrams 

113-8 

1 

37.8 

76 

42.2 

71.6 

189.8 

107.4 

82.4 

116.4 

! 73-4 

303-6 

214.8 1 

86.8 

220.8 

1 82.8 

417-5 

— 

— 

329 -3 

1 88.2 

569 -3 

— 

— 

479-9 

89.4 


These results are perfectly normal. It is a clear case of ad¬ 
sorption and the sodium sulphate cuts down the amoimt of 
dye taken up, which is what it should do. Quite different 
results were obtained at 90°. The data are given in Table V. 
In this case the amount adsorbed is practically independent 
of the concentration in the bath and it seems probable that a 
definite compound is formed, though one would have liked 
to have seen some experiments made with less than 140 milli¬ 
grams of crystal ponceau. Pelet-Jolivet succeeded in preparing 

^ *'Die Theorie des Farbeprozesses/* 213 (1910). 
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a crystalline aluminum salt of crystal ponceau. It is evidently 
a definite compound and it may very likely be formed under 
the conditions of the experiments at 90°. 

Table V 

2 grams w(k) 1 mordanted with alum 
200 cc solution of crystal ponceau 
I'ime = 2 hours at 9f>° 


Total dye 

Dissolved dye 

Adsorbed dye 

milligrams 

milligrams 

milligrams 

182.7 

42 3 

140 4 

292.3 

^5*1 7 


401.9 

261. I 

140 8 

548 - 1 

413 7 

134-4 

730.8 

592 4 

138-4 


A somewhat similar phenomenon seems to have been 
observed by Bayliss’ with alumina and Congo red. “If to 
a solution of Congo red an excess of hydrochloric acid be added, 
the blue free acid is precipitated; but if the precipitate be sus¬ 
pended in water and dialy.sed, a deep blue colloidal solution 
is formed, as described in a previous paper.- P'reshly pre¬ 
cipitated and well-w'ashed aluminum hydroxide is suspended 
in water, and a small quantity of the blue acid colloid is added. 
A dark blue precipitate falls, which can be w'ashed by de¬ 
cantation, best with the aid of the centrifuge, and again sus¬ 
pended in water. It remains dark blue, and might hastily 
be supposed to be merely an aggregated portion of the acid 
colloid. That this is not so, and that the body contains also 
aluminum hydroxide, is shown at once by its behavior on warm¬ 
ing. When this is done, a red solution is rapidly formed, 
which, on cooling, deposits flakes of a red substance, while 
the solution itself becomes pale in color. The same change 
occurs at room temperature, but very slowly. It is evident 
that we have here, in the adsorption compound formed at 
first, acid and base existing side by side but uncombined. 

‘ Proc. Roy. Soc., 84B, 81 (1911). 

’ Ibid., 81B, 270 (1909). 
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On heating, chemical combination takes place with the forma' 
tion of the aluminum salt of Congo red, which, like all the 
salts of this add, is of a red color. Congo red is a convenient 
body for the present purpose, since the salts are of a color 
which is so different from that of the add. 

“The precise manner in which combination is caused to 
take place by the action of heat does not immediately con¬ 
cern us; the most important fact is that a body can be pre¬ 
pared containing add and base imcombined. The mode of 
Wmation of the adsorption compound is, it will be noticed, 
to all intents and purposes a case of the mutual predpitation 
of electropositive and electronegative colloids, in this case, 
aluminum hydroxide and Congo-red acid, respectively. 

“The dry preparation of aluminum hydroxide supplied 
by Kahlbaum can be used, but, owing to the large size of the 
grains, it is not very effective. It is important that, whatever 
preparation be used, no free caustic alkali must be present, 
otherwise the red salt of the dye with this alkali is formed at 
once. The absorption compound, if formed at all, only exists 
for an infinitesimally short time, owing to the rapidity of the 
chemical reaction. 

“In order to obtain as large a relative surface of the hy¬ 
droxide as possible I have made various hydroxides in col¬ 
loidal solution, prepared by dialysis of solutions of salts which 
are hydrolytically dissociated. Ferric chloride, aluminum 
acetate, zirconium and thorium nitrates have been treated 
in this way. With ferric hydroxide, although the result of 
the experiment is quite distinct, the change of color on heating 
is not so obvious as with a colorless hydroxide. Aluminum 
hydroxide is good, but is imstable when sufficiently dialysed. 
The best of all those with which I have worked are the colloidal 
hydroxides of zirconium and thorium, which are beautifully 
■clear and colorless solutions. The clearness is of course an 
indication of the minute size of the suspended particles. T ,ilfP 
all solutions prepared in the way described, they still contain, 
even after prolonged dialysis, traces of the original acid. 
If this is present in too large a proportion, no red salt is formed 
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even on heating the adsorption compound. This fact was 
shown in a striking way in my first preparation of zirconium 
hydroxide, which had been insufficiently dialysed. In this 
case, although the adsorption compound was duly precipitated, 
it did not become red on heating. When the adsorption com¬ 
pound was suspended in water and subjected to further dialysis, 
it was noticed to be turning slightly reddish at room tempera¬ 
ture; on boiling, the change to the red salt is immediate. The 
compound with thorium hydroxide seems to require heating 
for a longer time before combination occurs than do the others; 
but this may be merely owing to the presence of more acid 
in the particular preparation.” 

It is clear that the blue lake is not a definite compound. 
Bayliss assumes that the red lake is the aluminum salt ad¬ 
sorbed by alumina but the only proof of this that he offers 
is the color—presumably because it did not occur to him that 
anybody would question the conclusion. On the assumption 
of the formation of an aluminum salt, I do not see why the 
presence of a trace of free acid should have so much effect. 
As long as there is a sufficient excess of alumina, one would 
expect a portion of the excess to combine with the Congo red. 
This difficulty disappears if we assume, as Blucher and Farnau' 
do that “the red Congo acid, although instable in aqueous 
suspension, is stabilized by the hydrous aluminum oxide.” 
This is in accord with the stabilization of rosaniline and other 
color bases by wool or silk.* 

Gilbert*’ has recently made a study of the copper lakes 
of cosine. He found that a definite, crystalline copper eosinate 
could be prepared; but that it was a different substance from 
the so-called copper eosinate prepared by a melathetical re¬ 
action between sodium eosinate and copper sulphate. Al¬ 
though the lake is fairly constant in composition when pre¬ 
pared in this way, it always contains an excess of copper when 
an excess of copper salt is employed. When hydrous copper 

' Jour. Phys. Chem., i8, 634 (1914). 

* Bancroft: Ibid., 18, 128 (1914). 

^ Jour. Phys. Chem., 18, 586 (1914). 
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oxide is treated with ether solutions of cosine in varying amount 
the typical adsorption curve is obtained and there is no in¬ 
dication of a definite compound. Under these conditions the 
total amount of cosine taken up is only about one-tenth of 
the amount necessary to form copper eosinate. A wider 
range of concentrations was obtained by starting with colloidal 
hydrous copper oxide and colloidal eosine (free acid). The 
ratio of copper to eosine was varied between two molecules of 
copper to one of eosine and two molecules of eosine to one of 
copper. All these lakes behave like the lake with the copper 
and eosine in equivalent quantities and all can be carried into 
colloidal solution. In presence of ether small amounts of 
certain salts cause decomposition of the lake into hydrous 
copper oxide and eosine. This seems to be analogous to Bay- 
liss’ results with Congo red and alumina where small amounts 
of acid prevent the development of the red color. 

With magnesia and eosine solutions the typical form of 
adsorption curve is obtained. The evidence is convincing 
that none of the ordinary eosine lakes are compounds at all 
and that lead eosinate, for instance, does not exist under the 
ordinary conditions of precipitation. 

Davison* found that the acid dyes, Fast Green, Acid 
Green, Acid Violet, Croceine Orange, Alizarine Yellow, and 
Fast Blue were adsorbed less by alumina when sodium sul¬ 
phate was present in the bath than when it was not. This 
is what happens when wool is substituted for alumina and has 
been discussed in detail in the first paper of this series. 

Pelet-Jolivet- has shown that methylene blue is adsorbed 
by silica, the amount taken up varymg with the previous 
treatment of the silica in a manner quite similar to that ob¬ 
served by Liechti and Suida with iron and alizarine. Dreaper® 
believes that magenta and tannin form a definite compound; 
but he gives no proof for this and he admits that one hundred 
parts of the alleged magenta tannic acid compound will ad- 

> Jour. Phys. Chem., 17, 748 (1917). 

* “Die Theorie des Farbeprozesses,” 71, aoj (1910). 

• “The Chemistry and Physics of Dyeing,” 244 (1906). 
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sorb at least up to i6o extra parts of tannic acid if the latter 
be present in excess. It is, therefore, safe to consider the case 
of magenta and tannin as one of adsorption. 

Sanin‘ considers that the basic dyes form definite com¬ 
pounds with tannin when the dye is in excess, but admits that 
tannin is adsorbed when the tannin is in excess. He gives 
no proof for the existence of a definite compound at any time 
except the fact that he can write a formula for the product and 
Gilbert’s work with the copper-eosine lakes shows how little 
reliance is to be placed on that test. The mordanting of basic 
dyes with acid dyes and vice versa is of course nothing but a 
case of adsorption. 

Though the data are not as complete as one would like, 
it seems to me that they are sufficient to justify the conclusion 
that in general the dye is adsorbed by the mordant and does 
not form any definite compound with it. We have next the 
problem of the fixing agents. Sodium phosphate is used for 
fixing alumina, sodium arsenate for iron, lime for alizarine 
and alumina, tartar emetic for antimony. Putting it more 
broadly we can say that phosphates, arsenates, silicates, ole- 
ates, and tannin are used as fixing agents for the metallic 
mordants while the metallic mordants act as fixing agents 
for tannin and the oleates. Are we dealing with definite com¬ 
pounds in these cases or do we have the precipitation of a 
positive by a negative colloid and vice versa f 

Mecklenburg has studied the case of tin phosphate® 
and ferric arsenate.® He found that a regular adsorption 
curve was obtained when stannic acid was treated with phos¬ 
phoric acid and that there was no evidence of any formation 
of stannic phosphate under the conditions of the experiment. 
He also found that different samples of stannic acid took up 
different amounts of phosphoric acid from which he was in¬ 
clined to deduce the existence of five stannic acids; but that 
of coimse was absurd. It would have been easy to have pre- 

' Zeit. Parbenindustrie, to, 97 (1911); Zeit. KoUoidchemie, 13, 305 (1913). 

* Zeit. anorg. Chein.» 74, 207 (1912), 

* Zeit. phys. Chem., 83, 609 (1913)- 
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pared twenty stannic acids if this were the only test. This is 
merely another instance of the general phenomenon that the 
degree of the adsorption varies with the conditions under 
which the adsorbing agent is prepared. Exactly similar 
results were obtained with ferric oxide and sodium arsenate. 
In all cases adsorption curves were obtained, but the degree 
of adsorption varied with the previous history of the ferric 
oxide preparation. In these two cases, which have been studied, 
we find that tin phosphate and ferric arsenate are not formed. 
It is, therefore, probable that when a corresponding study of 
aluminum phosphate, stannate, and silicate’ shall have been 
made, it will appear that these are also cases of adsorption. 
This does not preclude the formation of these substances as 
definite compounds under certain conditions. As a matter 
of fact crystallized aluminum orthophosphate has been pre¬ 
pared by de Schulten” and crystallized ferric arssenate by 
Hautefeuille and Margottet.* Wislicenus and Muth'* have 
studied the action of tannin solutions on fibrous alumina. 
They find that the amount of tannin taken up increases rapidly 
at first with the concentration of the solution and then reaches 
a practically constant value. They deduce from this the ex¬ 
istence of an aluminum tannate, but this is hardly justifiable. 
They have merely found what others have found in undoubted 
cases of adsorption that the adsorption apparently reaches 
a limiting value.’’ Experiments with differently prepared 
samples of alumina would undoubtedly have given different 
figures. 

It is not possible at present to account satisfactorily for 
the action of lime in the case of alizarine with iron or alumina 
mordant. Liechti and Suida® believe that definite compounds 
are formed; but their experiments were done at a time when 

^ Cf Stremme; Jour. Chem. Soc., 94 II, 1041 (1908); 100 II, 406 (1911). 

2 Coraptes rendus, 98, 1853 (1884). 

* Ibid., 106, 135 (1888). 

* Zeit. Kolloidchemie, 2, XVIII (1908). 

* Schmidt: Zeit. phys. Chem., 74, 699 (2910). 

® Jour. Soc. Chem. Ind., 5, 525 (1886). 
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that was the only possible explanation. “If normal calcium 
alizarate is mixed with perfectly clear lime-water in a closed 
vessel, and allowed to stand for some time, a portion of the 
calcium alizarate dissolves, fonning a ruby-red solution. 
If this solution is then boiled for only a short time, a brownish 
red precipitate separates, whilst the supernatant liquid be¬ 
comes quite colorless, and contains much free lime. '1‘his 
precipitate is soluble on continued washing with water, form¬ 
ing a violet solution. (In analysis, it proves to be a basic 
calcium alizarate, having the formula CaO.CuHoOj.CaO. 

“This is the compound originally dissolved in the lime- 
water, the behavior of which solution, on warming, points to 
the existence of a much more basic calcium alizarate in the 
cold solution. Experiment shows, indeed, that about 5 mols 
CaO can hold in solution i mol of the basic calcium alizarate.” 

There is nothing in this to show that we do not have a 
peptonization by lime with coagulation on boiling. The state¬ 
ment that the precipitate is soluble on continued washing with 
water sounds as though peptonization were taking place as 
the coagulating agent was washed out. 

“The compound (Al20,i.Ca0(CuH603)4) is readily pro¬ 
duced as a fine dark red precipitate by the action of calcium 
acetate and aluminum acetate on ammonium alizarate. This 
lake is soluble on continued washing with water, and is also 
partially soluble in ammonia. The ammoniacal solution, 
when filtered and evaporated to dryness, leaves a residue 
which, according to analysis, possesses the formula 
Al 203 (Ci 4 H 608 ) 4 , while the portion insoluble in ammonia is 
found to have the formula Al203.Ca0(CHH60s)3, the original 
lake having the formula Al 203 .Ca 0 (CMH 60 s) 4 . . It appears, 
therefore, that ammonia dissolves out alizarine and normal 
aluminum alizarate, leaving behind an aluminum calcium 
alizarate, which is more basic than the normal alizarin red.” 
These experiments are open to the same criticisms that were 
made to the experiments on the iron alizarates. In their 
present form they are of no value whatsoever. It is also not 
quite clear how aluminum alizarate can be removed from an 
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al uminum calcium alizarate and leave the ratio of alumina 
to lime the same as before. 

It has been noticed* that caustic alkalies do not redissolve 
hydrous aluminum oxide or hydrous chromium oxide if the 
precipitation has been made in presence of a magnesium salt. 
There is nothing to show whether a similar result is obtained 
in presence of a calcium salt; but it seems to me that experi¬ 
ments along this line would be profitable. 

Sanin* has made some measurements on the reaction be¬ 
tween tannin and antimony salts. He claims to find three 
different salts depending on the conditions of the experiment. 
In dilute solutions with no excess of potassium antimony 
tartrate, there is precipitated the salt (Ci4H909)2Sb0H. 
an excess of the antimony salt is taken the salt has the compo^-'^ 
sition Ci4H909.Sb0. At 8o°~90° the precipitate analyzes to 
(Ci4H9(Sb0)09)2Sb0H. It is admitted that it is difficult to 
obtain any of these salts pure, but Sanin prefers to consider 
the products as mixtures of two of these definite compounds 
rather than as substances of continuously varying composi¬ 
tion. He considers that the first of these three salts is one 
that is formed in the fabric. In a later paper Sanin® rather 
weakens on this point. He admits that adsorption does occur 
when tannin and potassium antimony tartrate are mixed and 
all that he claims now is that it is also possible to get definite 
compounds if one observes certain conditions. One cannot 
object to this though one would like more definite proof that 
compounds are formed at all. The difficulty is that Sanin 
claims that the technical conditions for dyeing cotton with 
basic dyes are exactly those which lead to the formation of 
definite compounds and that is by no means proved. It 
seems to me that Sanin’s experiments are precisely analogous 
to those of Gilbert where he found that a lake of fairly constant 

‘ Knecht, Rawson and Loewenthal: "A Manual of Dyeing," a, 222, 240- 

(1910). 

2 Zeit. FArbenindustrie, 9, 2, 17, 49 (1910). 

* Zeit. Kolloidchemie, 13, 305 (1913). 
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composition is obtained when copper sulphate and sodium 
eosinate are mixed. 

There seems to be no sufficient reason for the present for 
denying the existence of definite oleates though it is possible 
that these substances exist only on sufferance. Knecht, 
Rawson and Loewenthal’ say that “the amount of iron which 
is taken up by the fiber depends less on the strength of the 
mordanting liquor than on the amount of oil that has already 
been fixed in the material; the oil attracts the oxide of iron with 
great energy, so that it is not readily stripped from the fibre, 
even by comparatively concentrated sulphuric or hydrochloric 
acid.” This is more the behavior that one could expect in 
case of adsorption than in case we had ferric oleate present. 
It would not surprise me at all to find that no definite com¬ 
pounds are formed under ordinary conditions between oleic 
acid and alumina or iron oxide. 

The general conclusions are as follows; 

1. Tannin is adsorbed by wf)ol and cotton, forming no 
definite compounds with either. Oil mordants are adsorbed by 
cotton. 

2. Alizarine is adsorbed both by chromium mordant and 
iron mordant. 

3. Alumina adsorbs crystal ponceau, Fast Green, Acid 
Green, Acid Violet, Croceine Orange, Alizarine Yellow, and 
Fast Blue. 

4. Alumina adsorbs the blue form of Congo red and per¬ 
haps stabilizes the red form of the free acid. 

5. The eosine lakes are cases of adsorption though definite 
•crystalline compounds can be prepared under certain conditions. 

6 . Tannin adsorbs basic colors. 

7. Silica adsorbs methylene blue. 

8. Color lakes are generally cases of adsorption. Defi¬ 
nite compounds are formed only under special conditions. 

9. The mordanting of basic colors by acid colors and vice 
•versa are cases of adsorption. 

‘ “A Manual of Dyeing/' 597 (1910). 
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xo. In most cases fixing agents act because they are col¬ 
loids of the opposite sign from the mordants. 

11. Ferric arsenate and tin phosphate are not formed 
under ordinary conditions of precipitations though both com¬ 
pounds are knovm. It is probable, though not yet proved, 
that aluminum phosphate, silicate, oleate, etc., are also not 
formed under ordinary conditions. 

12. No definite statement can be made as to the action 
of lime on alizarine in alumina mordant; but it seems probable 
that the lime prevents the peptonization of the alumina. 

13. There is certainly adsorption when tannin and anti¬ 
mony salts are brought together and the evidence as to the 
formation of three definite salts is not satisfactory. 

14. The behavior of iron salts with oil mordants appears 
to indicate adsorption though it is not safe to deny the forma¬ 
tion of definite oleates in some cases. 

15. The formation of definite compounds plays no im¬ 
portant part in the practice of dyeing. 

Cornell University 



A REDUCTION OF FERRIC SULPHATE IN ACID SOLU^ 
TION BY MEANS OF CADMIUM AMALGAM, 

FOR TITRATION OF IRON AND FREE 
SULPHURIC ACID 

BY J. H. CAPPS AND O. W. BOIES 

Within the last few years a knowledge of the composi¬ 
tion of mine waters has become of considerable importance. 

Mine air generally contains some sulphur dioxide and an 
abundance of moisture, so that, in the film of water which 
is everywhere present, there is excellent opportunity for the 
formation of sulphuric acid. Mine waters as a rule, contain, 
not only free sulphuric acid, but also ferric and ferrous 
iron, together with the small amounts of aluminium, sodium, 
calcium, magnesium, chlorine and silica usually found in the 
natural waters. 

In attempting to determine sulphuric acid volumetrically 
it has been found that the ferric salt not only began to hydro¬ 
lyze and liberate more acid as the titration proceeds, but 
there was also an interference with the color change of the indi¬ 
cator. It was also impossible to determine the end point by 
means of conductivity measurements or with the hydrogen 
electrode on account of the effect of the platinized platinum 
electrode on the ferrous-ferric equilibrium. 

The method in use for the determination of sulphuric 
acid in mine water has been to precipitate the total sulphate 
ions with barium chloride and to calculate this as sulphates 
of the various bases present. Any excess of sulphate ions 
was taken to be free sulphuric acid. As the composition of 
mine waters varies considerably, this necessitates a great 
deal of routine analytical work and all the errors fall on the 
small amount of acid which is determined by difference. 

In order to find a simpler and more direct method for 
getting at this free acid, the following work was done at the 
Bureau of Mines during the summer vacation of 1913 by Mr. 
O. W. Boies under the direction of Dr. G. A. Hulett: 
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Since sulphuric acid can be titrated directly in the pres¬ 
ence of ferrous sulphate, the problem resolved itself to one 
of reducing all iron present to the ferrous state in such a way 
as to preserve unaltered the concentration of free acid. We 
attempted to do this electrolytically and first tried a short- 
circuited voltaic cell with j)Iatinum cathode and a soluble 
anode, using the mine water as the electrolyte. The idea was 
that the soluble anode would not only prevent oxidation 
of the electrolyte at the anode, but we could select an anode 
material wath such a potential that the only reaction at the 
cathode w^ould be Fe^ ‘ , that is, a reduction 

of the ferric iron but no liberation of hydrogen. We also used 
a copper voltameter in series with this cell and thus the weight 
of copper deposited was to be a measure of the ferric iron. 

Since this work was undertaken, some work on the elec¬ 
trolytic reduction of iron has been published by H. C. Allen’ 
at the University of Kansas and by J. C. Hostetter- at the 
Geophysical Laboratory. 

Mr. Allen found that he could reduce iron satisfactorily 
by using a platinum cathode and a small platinum anode. 
He also hit upon the idea of a short-circuited cell with amal¬ 
gamated zinc anode and copper cathode and under these con¬ 
ditions he got a rapid and satisfactory reduction. 

Mr. Hostetter got nearly complete reduction of iron by 
placing his acid ferric sulphate solution in a gold dish which 
served as cathode and using a small platinum anode suspended 
in a porous cup with 3 percent sulphuric acid in his anode 
chamber. After electrolyzing for an hour at between Go"" 
and 80'' he added the anode liquid to the main iron solution 
and continued electrolysis a little longer with fresh anode 
liquid. 

In attacking our problem we covered the same ground 
somewhat differently. We used a short-circuited cell with a 
zinc rod as anode and a rotating platinum disk as cathode, 

^ Jour. Am Chem Soc., 36, 937-49 (1914). 

2 Jour Wash. Acad. Sci., 3, 429 -32. 
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using the mine water as the electrolyte. The reduction was 
rapid and complete but measurable amounts of hydrogen 
were also liberated on the platinum. We could select a metal 
on which the over-voltage of hydrogen is higher than on plat¬ 
inum but chose first to try an anode of saturated cadmium 
amalgam as its solution pressure is o 4 volt lower than that 
of zinc. With this anode there was still a measurable dis¬ 
charge of hydrogen ions on the rotating platinum disk before 
the iron was completely reduced. 

Next we sought for a cathode material with a greater 
hydrogen over-voltage than that of platinum and tried gold, 
copper, nickel, and lead. For electrolyte we used a known 
solution containing ferric sulphate and sulphuric acid. The 
couple was allowed to act until the iron was completely re¬ 
duced, as indicated by KCNS. In series with the cell w^as a 
copper voltameter. The results showed that hydrogen was 
liberated in all cases, but least of all on the gold cathode, on 
which, however, it still came off in analytically measurable 
quantities. So wq decided to try a mercury cathode on which 
the over voltage of hydrogen is a maximum. It was, however, 
seen that the process could be much simplified by discard¬ 
ing anode and cathode and merely using a suitable amalgam. 

We found that, by vigorously shaking the amalgam and 
the solution together for a short time, the iron was rapidly 
and completely reduced and ready for titration. The over¬ 
voltage of hydrogen on mercury or cadmium amalgam is so 
great (0.08 volt greater than on lead) that there was no fear 
of liberating hydrogen. The work on cadmium amalgam^ 
justifies this conclusion. There was, how’^rver, to be consid¬ 
ered the oxidation of cadmium from the amalgam by dissolved 
oxygen and the solution of this oxide in the acid. 

Cd + 0 —► CdO CMO + H2SO4 —> CdSOt + »>(). 
We found that this reaction made a measurable effect on the 
hydrogen ion concentration so it was necessary to remove 
the oxygen from the solution. 


' Jour. Am. Chem. Soc., 30, 1805 (1908). 
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The method of procedure was as follows: The add solu¬ 
tion was placed in a small flask provided with a two-holed 
rubber stopper, through which passed a separatory funnel 
for the admission of the amalgam, and a tube for connection 
to the vacuum pump. All the air was pumped out of the flask 
and likewise that which was dissolved in the solution. The 
amalgam was then run in, hydrogen admitted to bring the 
pressure to atmospheric, and the flask shaken until all iron 
was reduced. The solution was then rinsed out and titrated 
dther with standard sodium hydroxide or permanganate, 
depending on whether we were determining free add or total 
iron. A few runs to find the length of time required to reduce 
the ferric sulphate showed that, with such concentrations 
as a3re found in mine waters, one-half minute to a minute of 
shaking was suffident to bring about the complete reduction 
of the iron. 

Experimental Data 

Solutions used in this work: 


KMnOi solution. i cc 0.00556 gram Fe 

NaOH solution. i cc 0.004817 gram NaOH 

NaOH solution. i cc 0.0059 gram H2SO4 

H»S04 solution. i cc 0.0017702 gram H*S04 


Ferric sulphate stock solution made by dissolving 6.7 
grams (NH4)2S04Fe2(S04)3.24H20 in one liter of water. This 
solution on analysis showed: 

0.0008227 gram Fe or 0.002938 gram Fe2(S04)3 per cc 

(i) Determination of the degree of reduction obtained 
with cadmium amalgam: 

(a) 25 cc alum solution used. Shaken one minute. Required 


3.7 cc KMn04 solution. 

25 cc contained. 0.002057 gram Fe 

3.7 X 0.00556. 0.002056 gram Fe 

(b) Duplicate. 25 cc contained. 0.002057 gram Fe 

3.7 X 0.00556. 0.002056 gram Fe 


(3) Determination of the action of the amalgam on the 
add: 
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(а) 50 cc of the standard acid solution was shaken with the amalgam 

for one minute and then titrated with standard NaOH 
solution. 

Aliquot parts of 10 cc were titrated. Required 3 cc NaOH. 

H2^4 in 10 cc of solution. 0.0177 gram 

3 X 0.0059. 0.0177 gram 

(б) Same amounts used but shaken for two minutes. 10 cc re¬ 

quired 2.95 cc NaOH. 

HjS 04 in 10 cc of solution. 0.0177 gram 

2.95 X 0.0059. 0.01748 gram 


H2SO4 lost. 0.00022 gram 

(3) Determination of free acid in ferric sulphate solution. 
Twenty-five cc of the alum solution was taken, corre¬ 
sponding to 0.002057 gram of To this was added 

25 cc of the standard H2SO4 solution corresponding to 0.04435 
gram H2SO4. The resulting solution was then shaken" with 
the amalgam for 30 seconds. 25 cc portions were then with¬ 
drawn and titrated with standard NaOH, using methyl orange 
indicator. 

(a) 25 cc required 3.9 cc NaOH. 

Acid present in 25 cc. 0.04435 gram H2SO4 

3.9 X 2 X 0,0059. 0.04602 


(6) 25 cc required 3.85 cc NaOH. 

Acid present. 

3.85 X 2 X 0.0059. 


(c) 25 cc required 3.8 cc NaOH. 

Acid present. 

3.8 X 2 X 0.0059. 


0.00167 gram excess 

0.04435 gram 
0.04521 gram 

o. 00086 gram excess H2SO4 

o-04435 gram 
o.0448 


0.00045 gram excess H2SO4 

For the next two experiments a fresh H2SO4 solution 
was made up containing 0.002419 gram H2SO4 per cc. 

(a) 25 cc of the alum solution was taken and 10 cc of the acid 
solution added. This solution was then shaken for 30 seconds 
and the whole titrated with standard NaOH. 

There were required 4. i cc NaOH. 

Acid present in 25 cc. 0.02419 gram 

4.1 X 0.0059. 0.02419 gram 


0.00000 
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(b) 2 $ cc of the alum solution were taken and 40 cc of the acid 
solution added. Solution was then shaken for 30 seconds and then 
titrated. Required 16.3 cc NaOH. 

Add present in 40 cc. 0.09676 gram 

16.3 X 0.0059. 0.09617 

o. 00059 gram lost 

The chief difficulty so far experienced with this method 
has been in catching the end point before it is overrun. Larger 
amoimts of the solution should have been used or else they 
should have been titrated with a weaker solution of NaOH. 
The concentration of free acid in natural waters varies from 
zero to 2.7 grams per liter. The accuracy of this method did 
not depend upon the amounts of Fe2(S04)3 present, but rather 
upon how well one could titrate to a very sharp end point. 

At this point in the work Mr. Boies left the Bureau of 
Mines, and in the following winter the investigations were re¬ 
sumed by J. H. Capps in the Physical Chemistry Labora¬ 
tories of Princeton University, under the direction of Dr. 
G. A. Hulett, taking advantage of the information already 
gained on the subject. 

The apparatus used was an ordinary Drexel gas-washing 
bottle, on the central tube of which was sealed a small separa¬ 
tory funnel, and on the other tube a 120° 3-way cock. 

Procedure .—The solution was placed in the bottle which 
was connected with the suction and evacuated. The cock 
was now closed and the system shaken to equilibrium, most 
of the oxygen coming out of solution. Next hydrogen was run 
in and the system again shaken to equilibrium. This process 
was repeated once or twice and the reducing amalgam run 
in. The bottle was then shaken vigorously tmtil the reduc¬ 
tion of the iron was complete (this generally took about two 
minutes) and 50 cc of the solution was taken out and titrated 
with sodium carbonate solution. Another 50 cc portion 
could be taken out of the same run as a check on the first. 

As the color change of the indicator (methyl orange) 
took place rather slowly during the addition of 2-3 cc of the 
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tenth normal carbonate, it was necessary to have a comparison 
color with which to match the titration. 

Such a comparison color wa.s made and jjreserved by de¬ 
termining the true end point by conductivity measurements 
dining titration with the indicator present. Just as the end 
point was reached, the solution was drawn up into a freshly 
blown, clean sealing bulb and sealed in. This preserved the 
correct end point color indelim'tely and it was found that this 
color could be matched in actual practice with good accuracy. 

We found that the concentration of ferrous sulphate in 
the solution did not affect the end point of the acid titra¬ 
tion. 

Mr. Boies was able to titrate free acid in the presence of 
ferrous iron with sodium hydroxide and phenolphthalein 
indicator. We could get no satisfactory results in this way, 
as, in our trials, the precipitation of ferrous hydroxide began 
before the acid was completely neutralized and the color change 
of the indicator could not be noted. By using sodium car¬ 
bonate, however, we could get complete neutralization of 
the free acid before the formation of ferrous carbonate started. 
Experimental Data 

Solutions used in this work. 


KMn04 solution. i cc 0.005258 gram Fe 

NajCOj solution. i cc 0.0053 gram NajCOa 

NaaCOs solution. 1 cc 0.0049045 gram H}S04 


No stock solutions of either ferrous or ferric sulphate 
were kept on hand. For each solution made up, weighed 
amounts of the solid salts (FeSOa.yHaO and Fe2(S04)s) were 
freshly dissolved. 

.(i) Determination of action of amalgam on free add: 

(o) 50 cc H*S()4 solution (untreated) required 46.35 cc NajCOj 
50 cc HjS 04 solution (untreated) required 

H2SO4 . 46.35 cc NajCOa 

(6) 50 cc (same solution) shaken with 

amalgam. 46.35 cc NaaCOa 

50 cc (same solution) shaken witli 

amalgam. 46.30 cc NaaCOs 

When the add solution has been practically freed of dis- 
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solved oxygen and shaken thoroughly with the amalgam, cad¬ 
mium was found to have gone into solution in every case. 
Tests for cadmium were made by concentrating the solution 
and treating with HjS. However the amount of add used 
up by the dissolving of the metal was too small to be deter¬ 
mined volumetrically by measuring diminution of add. 

(2) As to the completeness with which the iron was re¬ 
duced no measurements were taken. Reduction was con¬ 
sidered complete when no color appeared on treatment of a 
drop of the solution with KCNS. 

(3) Determination of free add in solution with Fe2(S04)8. 
Solution made (a, below) up with 10 cc 9.27 N H1SO4 

and another ( 6 , below) with the same amt. of add and with 
6.6 grams Fei(S04)8 per liter. 

(а) Add solution. 

1 50 cc required. 46.35 cc NagCOs for neutralization 

2 50 cc required. 46.40 cc Na2C08 for neutralization 

3 50 cc required. 46.35 cc NajCOj for neutralizatiwi 

(б) Add solution with Fei(^4)» present. Solution freed of air 
and Fe++'*' all reduced with cadmium amalgam. 

1 50 cc required. 46.4 cc Na«C08 

50 cc required. 46.3 cc NagCOs 

2 50 cc required. 46.3 cc NasC08 

50 cc required. 46.4 cc NajCOa 

{4) Analysis of mine water for H2SO4, ferrous and ferric 

iron. 

Procedure. — ist. A portion of solution was titrated with 
KMn04 for ferrous iron. 2nd. Solution was then freed from 
oxygen, the iron reduced with the amalgam and portions of 
this were titrated with NajCOs for add content, jrd. An¬ 
other portion of the same lot was titrated with the perman¬ 
ganate for total iron content. From the value gotten thus 
is subtracted the value for the ferrous iron, the b^ance being 
the amount of ferric iron in that volume of the original solu¬ 
tion. 

Made up a liter of mine water containing: 


Fe++. 1.509 gram 

Fe+++. i.32i7gram 

H*S04. 9-074 gram 
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Analysis of above: 

1 50 cc required 14.2 cc KMn04 (or 1.493 gram Fe++ per liter) 

I percent low 

50 cc required 14.2 cc KMn04 (or 1.493 gram Fe++ per liter) 

2 50 cc reduced required 92.6 cc Na«CO» (or 9.82 gram H2SO4 

per liter) i percent high 

50 cc reduced required 92.55 cc Na2COs (or 9.82 gram H2SO4 
per liter) 

3 50 cc reduced required 26.9 cc KMn04 

50 cc reduced required 26.9 cc KMn04 

26.9—14.2 *= 12.7 cc KMn04indicating (i.334gramFe‘*'++per 
liter) 1.0 percent high 

By the same method and procedure another mine water 
was analyzed. Solution was made up nearly like natural 
mine water and contained per liter: 


Fe^^. 0.429 gram 

Fe+++. 0.774 gram 

HjS 04 . 3-85 gram 

Also small amounts of Al, Ca, Mg (as sulphates), and Na 
asNaCl: 

On analysis Fe++. 0.427 gram (about 0.5 percent low) 

Fe+‘*’+. 0.769 gram (about 0.7 percent low) 

HtS04.3-825 gram (about 0.6 percent low) 

Another similar mine water, made up with 

Fe++..... 0.518 gram per liter 

Fe+++. 0.868 gram per liter 

H2SO4 . 3.85 gram per liter 

showed on analysis: 

Fe++. 0.513 gram per liter (about i .0 percent low) 

Fe+++. 0.866 gram per liter (about 0.4 percent low) 

H*S04. 3-843 gram per liter (about 0.3 percent low) 


The ease with which iron could be reduced in this way 
suggested a very simple procedure in the reduction of iron 
for permanganate titration. 

Since it was not necessary to preserve acid concentration 
unchanged, the solution was not freed of oxygen before re¬ 
duction. However, it was kept add in order for the reduction 
to take place and also to prevent fine partides of the reducing 
amalgam from remaining in suspension after shaking. 
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The apparatus used was an ordinary separatory futuiel of 
about 500 cc capacity with the delivery tube cut off short. 
The iron solution was introduced and made acidic and the 
liquid amalgam poured in. The air of the apparatus was 
displaced by carbon dioxide, the funnel corked, and the sys¬ 
tem shaken to complete reduction of the iron. When the 
KCNS test showed the absence of ferric iron, the amalgam 
was run out through the stopcock and the solution, still in 
the funnel, was titrated with permanganate. If so desired, 
the solution could then be again reduced, as before, for a sec¬ 
ond titration as a check on the first. 

Zinc amalgam was first tried. It gave a very powerful 
and swift reduction of the iron (only one-half minute or less 
being required) but could not be relied on to give satisfactory 
results as when 4 or 5 titrations were made on the same sample, 
the value for the iron present showed a steady decrease (i 
below) due probably to the displacement of some iron from 
solution. Also in other cases the value for the iron rose steadily. 

(2, below.) In some blank tests it was found that the re¬ 
duction products of the KMnO« were acted upon in such a 
way by the zinc amalgam as to be themselves oxidizable by 
the KMn04. 

(2) Cc KMn04 used 

". 32.7 

*. 32.75 

^. 32.8 

d . 32.9 


Next cadmium amalgam was taken up as a less powerful 
reducer. Although the time required for complete reduction 
was eight or ten times as great as in the case of the zinc amal¬ 
gam (generally about 4 to 5 minutes), there was no displace¬ 
ment of the metallic iron nor “super-reduction” of the prod¬ 
ucts of the permanganate. As many as six titrations of the 
same solution could be made with very good agreement by 
this method. (3) and (4) below show the results of two such 
runs: 


(i) Cc KMn04 used 

f. 45-7 

*. 45.65 

. 45.6 

d . 45.65 

«. 45.55 
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(3) Cc KMnO^ used 


a . 37-4 

b . 37-4 

c . 37-4 


(4) Cc KMnOi used 


« . 44-95 

b . 44-9 

f. 44-9 

d . 44 95 


Since the nature of our problem made this primarily a 
scries of cation reactions, it was foreseen that practically any 
salts of iron would give the same results wdth an amalgam 
of about the same potential. In view of the fact that at 
times it is advisable to use iron in hydrochloric acid solution 
and titrating with dichromate, some runs were made con¬ 
forming to these conditions. The following are the results 
of titrations of two such solutions: 


(5) Cc K2Cr207 used (A’/io) 


a . 40.9 

b . 40.9 

c . 40.85 


(6) Cc K2Cr207 used 


a . 56-5 

b . 56-55 

c . 56.5 
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A Text-boak of Chemistry. By William A. Noyes. 1$ X 20 cm; pp. Ui -f 
602, New York: Henry Holt Sf Company, IQ13. Price: $2,25,— Tht book is 
intended to meet the problem which confronts all university teachers of introduc- 
tory chemistry, to be elementary enough to be adapted for people who have had 
no chemistry and yet not to be so elementary as to be useless for those who have 
had chemistry in the High School. 

**The author has always tried to remember that he was writing for stu¬ 
dents who have scarcely more than begun the subject and not for experienced 
chemists. For this purpose clear, direct statements are most useful, to furnish 
the starting point from which a large knowledge may be developed later. While 
positive error should always be avoided, it is often impossible to secure complete, 
rigorous accuracy without sacrificing that simplicity of statement which every 
successful teacher knows to be essential. 

“The atomic theory has been made the fundamental basis for the work 
and has been treated throughout as essentially true and not merely as a con¬ 
venient hjrpothesis likely to be some time displaced by something very different. 
It is believed that the development of our knowledge during the last few years 
fully justifies this course. The theory of ionization has also been freely used, 
as the only means we have by which a large class of phenomena can be clearly 
presented and understood.” 

Ions are introduced on p. 48, phases on p. 77, the theorem of he Chatelier 
on p. HI, and ionization on p. 112, so that the general attitude is quite differ¬ 
ent from that to be found in most text-books not so many years ago. There are 
a lot of nice things in the book. The paragraph on lummous ffames, p, 299, is 
exceptionally clear. Throughout the book the author tries to keep in touch 
with every-day life, as in his reference to the uses of borax and sodium perborate 
p. 367. It is stated clearly, p. 243, that the spontaneous inflammability of phos¬ 
phine is due to the presence of some P2H4. There is an account of the respira¬ 
tion calorimeter, p. 313. There are paragraphs on carbohydrates, p. 333; on 
enzymes and toxins, p. 3441 on dialysis, p. 357; on osmotic pressure, p. 359; 
and on colloids, p. 262. Altogether the book represents a very distinct attempt 
to meet modem conditions. On the other hand, it is distinctly not the last 
word. Old associations are very strong, as may be seen by reading the intro¬ 
duction, which really belongs at the end of the book and not at the beginning. 

There is another question suggested by this book though not bearing directly 
upon it. What sort of chemistry should be taught to students in the high school 
or the university who are not going to take any more chemistry? What we 
actually do is simple enough. We give them the same chemistry that they would 
take if they were going to specialize in the subject; but we justify ourselves by 
throwing in references to every-day life. In the first flush of ignorance the re¬ 
viewer believes that we ought to give such people an entirely different course; 
that we ought to start with real life and work a little chemistry—a very little 
ehemistry—into it. The reviewer does not yet know what such a course should 
contain or whether his colleagues would be willing to call it chemistry; but he 
is certain that we are not meeting the problem as we should and that some day 
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we must give a general education course for people who are not going to specialize 
in chemistry. Presumably the people to work out such a course are those who 
are now teaching introductory chemistry. Wilder D. Bancroft 

A Text-book of Blementary Chemistry. By Alexander Smith. 14 x iQ 
cm; pp- m 430, New York: The Century Co., igJ4. Price: $1.25 -—“One 
atm has been to provide a text suited to the needs of those who do not later 
continue the study of the subject. In the minds of such readers, an interest in 
chemistry is best awakened by calling attention to materials and processes used 
in the household and in commerce. A purely descriptive treatment, however, 
is of temporary value only. When, on the other hand, the elements of the science 
are presented in a somewhat rationalized form, they afford a basis for inter¬ 
preting new phenomena and understanding new applications as they are met 
with in ordinary life, and the interest in the subject is thus not only awakened, 
but becomes permanent and fertile. Incidental remarks showing the r 61 e of 
chemistry in the prevention of industrial waste serve to emphasize the practical 
value of a knowledge of the science. 

“Although such a course must be strictly limited in scope on the scientific 
side, still, so long as the foundation work is rational in method, the same plan 
fulfills perfectly the needs of those who afterw^ards continue the study of the sub¬ 
ject. A few principles, thoroughly mastered, are better for any purpose than 
many principles, none of which are fully grasped.*' 

This is worded very ingeniously and cuts the ground from under the re¬ 
viewer's feet. A course, which is adapted to the needs of those who are not 
going to pursue the subject further, is a suitable one for those who are going 
to specialize; but the converse is not necessarily true and the converse is the form 
in which the problem presents itself. The first four chapters are distinctly good 
from the view-point of the layman because the author treats of such things 
as the action of caustic soda on wtx>l, the rusting of iron, and the formation of 
zinc sulphide without telling us what wool, caustic soda, iron, zinc and sulphur 
are, or what their molecular weights are. That is as it should be. All people 
are familiar with sugar and salt, for instance, even though they may not know 
the composition of either or the structure formula of sugar. It is perfectly legiti¬ 
mate, therefore, to speak of sugar and salt without necessarily defining them more 
closely. By the time the fifth chapter is reached, the strain has begun to tell 
and we get the quantitative gas law which is probably not necessary for a .student 
who is not going to take another course in chemistry. From here on the book 
becomes quite frankly an introductory text-book, and as such it is very good, 
as are all the books which the author has written. 

In one or two places, pp. 50, 196, it seems to the reviewer that accuracy 
has been sacrificed over much to effectiveness. “The amount of heat required 
to raise the temperature of a given mass of water one degree is greater than that 
required for an equal mass of any other common material. Hence the tempera¬ 
ture of the sea changes more slowly, and within a smaller range, than that of 
the rocks which compose the land. For this reason the climate of islands sur¬ 
rounded by much water is less variable from .season to season within the year 
than is that of the continents." Without having made any definite calcula- 
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tionS; the reviewer believes that the heat of vaporization, the heat of fusion, 
and the mobility of water are more important factors than the specific heat, 

dust were not present, we should soon notice its absence. There would 
be no clouds or rain. It appears that moisture will not condense to fog or rain 
in air which has been filtered by being drawn through a wide tube containing 
a long (20 inches or more) plug of cotton, and has so been freed from dust. The 
particles act as nuclei, round which the liquid growls at the expense of the vapor. 
In the absence of dust the condensation would occur directly upon the surfaces 
of plants, houses, and animals. Thus, in a dustless atmosphere, an open shed 
or shelter, or an umbrella, would afford no protection whatever against a wetting.” 

The reviewer was very much interested in the ingenious way in which the 
author simplifies the definition of oxidation, p. 238, by saying that ‘‘oxidation 
is removing electrons and reduction is adding electrons ” It may l>e right; 
but we are not yet at the stage where we can use such a definition. 

Wilder D. Bancroft 

Die Katalyse in der organischen Chemie. By Paul Sabatier. Translated 
by Hans Ftnkelstein. 24 X 17 cm; pp. v - 4 - 24j. Leipzig: Akademische Ver- 
lagsgesellschaft, IQ14. Price: paper, to marks. —In thi.s book Sabatier has given 
an account of his work on catalysis. The headings of the chapters are * catalyzers; 
oxidation; introduction of different atoms and groups into organic molecules; 
hydrogenization; inversions, polymerizations and condensations: various dis¬ 
sociations; splitting off of hydrogen; splitting-off of water; splitting-off of alkali 
halides and halide acids; catalytic decomposition of carboxyl acids, catalytic 
decomposition of carboxyl esters; mechanism of catalysis. 

In the chapter on the mechanism of catalysis, the author distinguishes be¬ 
tween catalysis in homogeneous systems and in heterogeneous systems, the 
second being the one in which he has been especially interested and of which he 
says, p 229. “This includes the ca,se that a solid catalyzer is in contact with 
a liquid or gaseous reacting system. The reaction takes place only at the sur¬ 
face of the catalyzer if it is compact and remains so throughout the reaction. 
The reaction takes place throughout the mass of the catalyzer if the latter is 
porous and consequently has a surface which is enormously large relatively to 
the mass. The effect of the enormous surface of a pulverulent mass is so great 
that one is tempted to refer all cases of catalysis to surface action.” 

vSabatier considers that all cases of catalysis are to he considered as due to 
formation of intermediate compounds with the catalyzer. The argument does 
not seem convincing to the reviewer. One must, however, admit the force of 
the final paragraph, p 242. “The theory of intermediate reactions in catalysis 
has the admitted defect that it is based on the assumption of hypothetical com¬ 
pounds. It is impossible, however, to give any other general explanation of 
catalytic processes. So far as I personally am concerned this theory has been 
my guide in all my work in the field of catalysis. It is possiVde that its value 
will sc'em less if we get a new and unexpected point of view with reference to the 
carefully studied field of chemical knowledge. For the present it seems to me 
that, despite its incompleteness, the theory is valuable because it is useful and 
enables us to predict new reactions ” 

Sabatier has done wonderful work on catalysis in heterogeneous systems 
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and the importance of it from the theoretical and applied sides is likely to increase 
with time rather than to dimmish. The book is therefore a very valuable one, 
well worthy of careful study by all chemists. Wilder D. Bancroft 

Die Materie. By The Svedberg. 24 X 16 cm; pp. 162 Leipzig: Akadem- 
ische Verlagsgesellschuft, JQ14. Prke: paper, djo marks .—In the preface the 
author says that he wishes to discuss three questions: The first is whether there 
really are several forms of matter and whether they are convertible The second 
problem is how the different forms of matter react one with another and the 
third is what is the intcnial structure of matter '‘The first question involves 
the problem of the alchemists of the transmutation of metals, and the modern 
theory of radio-activity in regard to the spontaneous decomposition of certain 
elements. At certain times and to certain investigators the .sc'cond question 
has seemed to be a statement of the whole problem which chemical science has 
to soh'e The study of the third question has given rise to the atomic, molecular, 
and electron theories and to the views resulting from these." 

The subject is treated under the heads the conceptions of matter held by the 
Greeks; alchemy; the study of matter becomes scientific, the first period of 
quantitative study; the science of matter at the end of the nineteenth century; 
the most recent discoveries 

In the last chapter the author refers in turn to Rontgen’s discovery of the 
X-rays, Bccquerel's work on uranium, the discover>' of radium by the Curies, 
the work of Crookes on the removal of photographic activity from uranium, 
Bccquerel's study of inactive uruntura and uranium X, Rutherford*s work on 
the emanation, Rutherford's identiiication of the X-rays as positively charged 
helium atoms, and Debierne's work on actinium The author offers the defini¬ 
tion, p, 156, that an element is a substance w'hich w'e cannot decompose. Since 
we cannot vary the rate of change of the radio-active substances, they are ele¬ 
ments by this ingenious definition. In the last few pages the author refers to 
the work of J J Thomson, Lcnard, and others on cathode rays. 

Wilder D. Bancroft 

Anesthesia. By J. T. ihvathmey and Charles Baskerville. 24 X iS cm; 
pp. xiv -f g4^. New York: D, Appleton and Company, JQ14. —The headings of 
the chapters are; the history of anesthesia; general physiology of inhalation 
anesthesia; the use of rebrealhiiig in the administration of anesthetics; nitrous 
oxid; ether; ethyl chlond; chloroform, the selection of the anesthetic and tech¬ 
nique for si>ecial operations; treatment before, during, and after anesthesia* 
anesthesia by intratracheal insufflation; anesthesia by colonic absorptit^n of 
ether; oil-ether colonic anesthesia; sequestration method of anesthesia; local 
anesthesia; intravenous anesthesia; local anesthesia as applied in dentistry; 
spinal analgesia and spinal anesthesia; electric analgesia, sleep, and resuscitation; 
mental influence in anesthesia: hypnosis in anesthesia; theraiieutic uses of inhala¬ 
tion anesthetics; the medico-legal status of the anesthetist; a list of anesthetics; 
statistics. There are also appendices on ethyl ether, chloruiorm, and oxygen. 

This is a full and authoritative statement of our present knowledge in regard 
to anesthesia and is the more valuable because much of the recent jirogress is due 
the authors. It is interesting to note that only recently have people begun 
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to regulate carefully the temperature, oxygen content, and carbon dioxide con¬ 
tent of the anesthetic and ytt these prove to be very important factors in the 
successful use of anesthetics. Under a different head comes the use of oil of 
orange in connection with anesthetics, p. 96. We do not know at all why this 
substance acts as it does; but our knowledge of the theory of anesthesia is still 
very limited. 

Of distinct interest to the layman are the chapters on mental influence and 
h3rpnosis in anesthesia, pp. 644*-665, and also the chapter on statistics, pp. 842'^ 
857. Some of the important conclusions are that nitrous oxid with oxygen 
(with or without ether) is the safest inhalation anesthetic we know of at present. 
Chloroform alone should not be used except in emergencies or in cases in which 
it is specially indicated. The chloroform-ether sequence is relatively safe, 
ranking higher than the nitrous oxide-ether sequence, or ether alone. The 
combination of chloroform and oxygen is safer than ether alone. Though ether 
alone is used in nearly half of the 488,000 administrations reported, it is not aa 
safe as is generally believed, Ether is materially safeguarded by oxygen. Se¬ 
quences and combt4kions, when properly used, are safer than any known single 
anesthetic. 

This book is really a monumental piece of work and the world owes a debt 
of gratitude to the authors. Wilder D. Bancroft 

Das latente Lichtbild. By M. Andresen. 25 X 22 cm; pp, v -f d/. HaUet 
Wilhelm Knapp, 1913, Price: 2,40 marks, —This book does not represent the 
scientific knowledge of the day. The author believes the inaccurate statement 
that sodium nitrite prevents solarization and he consequently postulates that 
solarization is due to the latent image taking up bromine again. Since an un¬ 
exposed plate can be brought into a solarized state by suitable treatment with a 
reducing agent, it is quite impossible that solarization can be due to a regenera¬ 
tion of the original silver bromide. The section on the development of the 
photographic plate is equally unsatisfactory. It is interesting to note the 
author's view that metol is the best of all developers and that it will gradually 
supersede all others. Wilder D, Bancroft 

A Popular Treatise on the Colloids in the Industrial Arts. By Kurt Arndi. 
Translated by N. E. Katz. 20 X 14 cm; pp. Hi -f- 73. Easton: The Chemicgl 
Publishing Co.^ 1914- Price: 75 cts. —The subject is taken up under the headings: 
colloidal solutions; colloidal solutions of metals; fiocculation of colloidal solutions; 
reversible and irreversible states of aggregation; general remarks on dispersed 
systems; suspension and emulsion colloids; ruby glass; milky-white opaque 
glass; colloids in the mineral kingdom; silver and gold mirrors; manufacture of 
tungsten lamps; colloids in the ceramic industry; colloids in the hydraulic cement 
industry; colloids jis adhe.sives and glues; usefulness of the colloids in the ab¬ 
sorption of liquids; dehydration of peat by electro-osmosis; colloids as diaphragms 
and filters; adsorption; varnish making; dyeing; tanning; soap manufacture; 
brewing industry; lubricating greases; sewage purification; colloids in agriculture. 

The author skims over these interesting topics at the rate of about two pages 
per topic. On p. 2 honeycomb and sponge structures are considered identical 
and on p. 27 there is a misprint of volt for watt. The translation is a hit crude. 

Wilder D, Bancroft 



MOLECUI^AR ASSOCIATION OF LIQUIDS 


BY DANIEL TYRER 

In a previous paper* a study was made of the various 
methods of determining the association factors of liquids which 
have at various times been proposed, and it was shown that 
there does not exist a reliable method by which the molecular 
weight of an associated liquid may be determined. Each 
method was shown to be founded on untenable assumptions. 
Also several conditions were established which any equation 
employed to determine the molecular weight of an associated 
liquid must follow. *■ 

In the present paper it is proposed to extend this study 
to several other methods that have recently been proposed, 
to investigate some new equations containing the molecular 
weight as one term, and to study generally the properties of 
associated liquids. 

To the conditions laid down in the previous paper, that 
any exact equation employed to calculate the association fac¬ 
tors of liquids must follow, must be added the condition that 
the equation must conform to the law of mixtures. For it must 
be remembered that in the case of an associated liquid we 
are really dealing with a mixture and not with a pure liquid 
in the chemical sense. I mean, for example, that in the case 
of ethyl alcohol we are dealing very probably with a mixture of 
C2H6OH2, (C2 HsOH) 2, (C2H50H)3, etc., and not with a liquid 
consisting of only one kind of molecule. This must follow 
from the progressive dissociation which an associated liquid 
appears to undergo as the temperature rises. If Mi be the 
molecular weight of a molecule ROH, M2 the molecular weight 
of (R 0 H )2 and Ms the molecular weight of (ROH) 8 , etc., the 
mean molecular weight of the associated Uquid (ROH), is 

,, MiMi -f- HsMs -I" WsMs -j- etc. . . 

XMi * -;-1-;....(l) 

+ «s + «s + etc. 

wh^ th, ttj, etc., are the numbers of the respective kinds of 
^ Zeit. idiys. Chem., Bo, 50 (1913). * 
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molecules present in the mixture. Suppose now we have an 
equation connecting the molecular weight M of a liquid with 
the various physical properties a, y, etc. 

M = F(a. fi,y) . ( 2 ) 

which we have found to be true for norm^ liquids. If, then, 
we have a mixture of liquids A, B, C, etc., whether they be 
associated molecules or not, we should have for the mean molec¬ 
ular weight of the mixture if Equation 2 is valid for mix¬ 
tures 

Mm = ’Ym) . (3) 


where a„, and y„ represent the observed physical properties 
of the mixture. Therefore, we should have from Equations 
I and 3 


. «iMi -|- njM* -f- HjMa -|- etc. 
ni + Hi+ n3 -TetcT ' 


( 4 ) 


This equation should be valid for all mixtures whether an as¬ 
sociated liquid or a mixture of normal liquids and every true 
equation for the determination of the association factor of 
a polymerized liquid should satisfy this condition. Now, any 
particular equation may be tested in this respect by applying 
it to a mixture of two normal liquids of known composition 
and seeing whether Equation 4 above holds. It is use¬ 
less to apply this condition to any of the methods proposed 
for they have all been shown to fail to satisfy other less ex¬ 
acting conditions. 

A new method for the determination of the association 
factors of liquids has been proposed by Bingham and Harri¬ 
son,* based upon viscosity measurements or rather upon the 
reciprocal of viscosity, viz., the fluidity. Briefly, the method 
is as follows; For a large number of liquids that tempera- 
tiure is experimentally determined at which the fluidity is 
equal to 200 units, and it is shown that this temperature is 
a constitutive property of the substance, that is, it depends 
upon the number, kind, and arrangement of the atoms in the 
molecule. They calculate the fluidity value of each atom, of 


»Zeit. phys. Chem., 66, i (1909). 
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each double bond and triple bond, of each benzene ring forma¬ 
tion, etc., and the sum of these values for the atoms of a given 
molecule is the temperature at which the liquid has a fluidity 
of 200 units. If 2(/) represents this sum for a simple molecule 
of an associated liquid, x'Z{t) is its true value, x being the 
association factor. Hence, knowing the experimental value 
of the fluidity and the constitutional formula of the simple 
molecule, the value of x for an associated liquid can be deter¬ 
mined. The method, however, contains this very grave error, 
that it is assumed that in an associated molecule there are no 
constitutional efifects, i. c ., nothing must be added or subtracted 
from the value of x 1 ^(t) which takes into account the manner 
in which the simple molecules are combined in the associated 
molecule. The inadmissibility of this assumption will be 
appreciated when it is mentioned that the constitutional in¬ 
fluences are relatively enormous. For instance, whereas the 
value for a hydrogen atom is 59.2 and for an ether oxygen 
atom 24.2, the value for a ring formation is 141.8 and for a 
double bond 114.4. How do the authors of the method know 
that in an a.s.sociated molecule of, say, water, there is not a 
double bond which would possess a value almost as much as 
that of two hydrogen atoms together.^ The molecule (H20)2 
might, for instance, have the constitutional fonnula 


> = < 


Exactly the same objections apply to the method of Bing¬ 
ham and Harrison as applied to Traube’s co-volume method 
(see previous paper). 

Furthermore, the results obtained by this method do not 
agree qualitatively with results obtained by other methods. 
For instance, Bingham and Harrison found that benzene and 
ethylene chloride are appreciably associated (for benzene 
X =» 1.17 at 39° and for ethylene chloride x — 1.21 at 63.5°) 
while these liquids always show in their accordance with va¬ 
rious equations that they are strictly normal. 

Another method of determining the association factors of 
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liquids has recently been proposed by Garver.* This method 
depends upon the following considerations concerning the 
latent heat of vaporization of a liquid. 

If T is the latent heat, then 

L = / + E + H 

where I is work done against molecular attraction, E is ex¬ 
ternal work done and H is the heat of dissociation of any as¬ 
sociated molecules which split up as the liquid vaporizes. 
For normal liquids H is, of course, zero. E can be easily cal¬ 
culated by the equation 

E = I'O 

where p is vapor pressure and v, and are volumes of vapor 
and liquid, respectively. If, then, we know I for an associated 
liquid we can calculate H and knowing H Garver has shown 
how, by aid of certain assumptions, the degree of association 
may be calculated. The trouble lies in determining I and in 
this Garver makes a fundamental error. The quantity I as 
already mentioned represents the work done against molecular 
attraction as the liquid expands to the vapor state and this 
force of attraction is equal to a balancing force tending to ex¬ 
pand the liquid, set up by the motion and energy of the mole¬ 
cules. This is, of course, the usually accepted idea of liquid 
equilibrium. Now Garver assumes that this expanding force 
is equal to the Boyle pressure that a perfect gas would exert 
at the same molecular concentration. That is, if p be the ex¬ 
panding force or intrinsic pressure then 

RT 
P — 

Vi, 

and 


»» 



This assumption is perfectly unjustifiable for several reasons. 
First, because the Boyle pressure of a perfect gas is caused by 

> Jour. Phys. Chem., i6, 454, 669 (1912). 
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the impact of particles of negligible size against the walls of 
the containing vessel while the intrinsic pressure in a liquid 
is caused by the impact of particles of comparatively appreciable 
size against each other, 'f'he two phenomena are radically 
different. The intrinsic pressure must be much greater and 

RT 

can, in fact, be shown to be much greater than Secondly, 

assuming for a moment that the intrinsic pressure is really 
RT 

equal to - , the expression 


»» 



”1. 


is not equal to the internal latent heat as Garver supposes, for 
in no case docs this agree with facts* but gives latent heats 
much too small. To take a case in point, the internal latent 
heat of pentane at 30° is approximately 77 calories, whereas 
the value calculated according to the above expression is only 
20.2 calories. All liquids show a similar discrepancy. To ex¬ 
plain this, Garver must assume that all liquids are strongly 
associated, an assumption which is quite untenable as it de¬ 
stroys the distinctiveness shown by hydroxyl compounds 
in their differences of beha\dor from other liquids. If all 
liquids were associated and to different degrees as they would 
naturally be, then none would follow such equations as the 
Ramsay, Shields-Eotvos equation or Trouton’s equation. 

Again, supposing that we could discover the correct ex¬ 
pression for the intrinsic pressure of a liquid, let us call it 
R^(v,T), then we could not, even then, employ Garver’s 
method, for the integral 

»» 

f R^(v.T)dv 


^ In the equation of Dieterici (Drude’s Ann,, 2St 569 (1908)) which is 

dvj 

greater than j-. 


the integrated product of the expression ^CT log , the value of C is much 
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is not equal to the internal latent heat for the simple reason 
that the force R«>(»,T) is not equal to the attraction force 
when the volume lies in between Vi and for if it were so it 
would be possible for liquid to exist in this intermediate state 
at the same temperature. 

There are many other objections to Garver’s method, but 
those already mentioned are so fundamental that the method 
need not be further considered. 

In the previous paper by the author a modification of the 
Ramsay-Shields method proposed by Batschinski was ad¬ 
versely criticized. In a reply* to my criticisms fresh evidence 
was brought forward by Batschinski which led me to make a 
further study of the method. And though the method obviates 
some of the objections to the Ramsay and Shields method 
I stiU consider that at the best it can only be considered as 
giving a rough idea of the degree of association. The principle 
of Batschinski’s method is simply to substitute in the well- 
known Ramsay-Shields equation 

yimxvY'^' = K(T. —T —rf) 

for the undeterminable critical temperature of an associated 
liquid (called by Batschinski the "metacritical” tempera¬ 
ture) the value given by the following expression 

« _ i6.3i(i7'P)’/' 

where ri is the viscosity at the absolute temperature T and 
is the critical density. In the previous paper I pointed out 
that for an associated liquid is not determinable and hence 
the equation is not really applicable. However, Batschinski 
pointed out that for p^ one can substitute the density at o° C, 
and the resulting equation, with a fresh value for the constant, 
is approximately correct. However, attempting to calculate 
critical temperatures by aid of this equation I found, for normal 
substances, results which were in great disagreement with the 
observed values. This led me to examine the equation more 
carefully with the result that I found that the product ijT* 


* 2 eit. phys. Chem., 82, 86 (1913). 
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cannot by any means be regarded as constant as it ought to 
be according to Batschinski’s equation. This is shown in 
the following three cases, using viscosity measurements by 
Thorpe and Rodgers:* 


Liquid 

1 

vT* X io“* 

Liquid 

! 

! : 

X 10 ’ 

Carbon tetra¬ 

0 

2750 

«-Uexane 



816.3 

chloride 

20 

2453 



20 

819-6 


' 40 i 

1 2287 



40 

830.3 


1 60 ! 

2189 



60 

8445 


! 70 

2156 

1 ' 

\ Methyl 


0 

1552 




1 butyrate 


20 

1458 



! 



. 40 : 

1406 






60 

1381 



i 



: 80 

1371 



( 

1 

( 


I(X) 

1373 


For carbon tetrachloride over a range of 70° the “con¬ 
stant” varies by about 25 percent. However, I found that 
at a certain range of temperature for each normal substance 
the value of ijT® is really constant and it is this constant value 
that Batschinski has taken in his equation. But there is no 
use in determining the metacritical temperature of an associ¬ 
ated liquid at 0°, for at this temperature (0°) it will have a 
very much different metacritical temperature from what it 
has at the temperature at which the function ijT® is constant. 
However, in calculating the metacritical temperature of 
associated substances Batschinski did not make this error but 
used the values of the viscosity at each point corresponding to 
which he wished to know the metacritical temperature. 
Since, however, it has just been demonstrated that the function 
ijT® is not constant under such circumstances it becomes neces¬ 
sary to test how far wrong the calculated critical temperatures 
will come. 

In the following equation are given the values of the con¬ 
stant C of BatschinsU’s equation for some liquids at 0°. 

^ Phil. Trans., iSsA, 397 ( 1 ^ 94 ); Z89A, 71 (1897). 
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The valttes q axe mostly from Thorpe and Rodgers’ meas^uxe* 
ments, and the other data are mostly according to Young. 


Liquid 

Tc 

1 ? X 10“* 
at 0® 

1 

dc 

C 

4 . ' C, 

1 1 

Ether 

466.8 

i 

295 

0.2622 

16.63 

0.7362 1 19.27 

Carbon disulphide 

546.0 

437-7 

0.377 

18.26! 

1.293 '21.82 

Pentane 

470.2 

289.4 

0.2323 

16.551 

0.6454 19.15 

Octane 

569.2 

706.0 

0.2327 

15-53 1°. 7185 18.26 

Carbon tetrachloride 

556.1 

' ^351 j 

0.5576 

14.29; 

1.6325 ; 16.59 

Ethyl acetate 

523.1 

943.5! 

0.3077 

13.67 0.9244 16.00 

Propyl acetate 

549-2 

773.4; 

0-2957! 

15.11 

0.9102 17.74 

Benzene 

561.5 

906.0 1 

0-3045,' 

14.83' 

0.9001 17.32 

Ethylene bromide 

582.81 

2435 j 

1 

! 

— 

2.213 15.40 

Methyl alcohol 

513.0! 

816.6 

0.2722 1 

13.73 

O.8IOI 16.05 

Ethyl alcohol 

516.1 j 

1771.6; 

0.2755 

II. 10 

0.8062 12.92 

Water 

643.0' 

1785 ' 

— ; 

— 

i.ooo 16.60 


The last three liquids of the table are associated. The 
rest are usually considered to be normal. It will be seen that 
the values of C in Colxmm 5 vary considerably, and what is 
more important is that the constant for methyl alcohol, a 
strongly associated liquid, lies within limits of variation of the 
constant for the normal liquids. And if for the critical density 
dc we substitute the density at 0° (dj), the results are worse, 
as the figures under Ci in the last column of the above table 
indicate. Here the constant for water comes within the limits 
of variation of the constant for the normal liquids. 

It cannot, therefore, be considered that Batschinski’s 
equation is sufficiently accurate to be applied to the calcula¬ 
tion of critical temperatures. The equation only appears to 
be true when for the function ijT® the comtant value is taken 
which occurs for each liquid at a different and arbitrary temper¬ 
ature. 

Even if the correct metacritical temperatures could be 
determined the method of determining the association factor 
would, as pointed out in the previous paper, only give results 
which referred to the condition of a liquid at its surface, and 
it is highly probable that the density of the surface layer is 
much different from that of the interior of the liquid. 
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Investigation of Some New Equations Containing the 
Molecular Weight 

Below are given and studied some new relationships be¬ 
tween the molecular weight and other properties which, tiiough 
they do not allow of the exact determination of association 
factors, yet will furnish valuable evidence of the degree of 
association in fixing for this minimum value. Also some of 
the equations relate to other physical properties than surface 
tension and hence do not give results which merely refer to 
the surface condition. 

The following equation has been shown by the author^ 
to be approximately true for any given class of normal liquids 

Ts = K 

where T, is the temperature of the boiling point, V, the molecu¬ 
lar volume at this temperature and K is a general constant. 
The value of K varies somewhat for different classes of liquids. 
If, however, we modify the equation and write it 
T, = K, W^.log. M 

where M is the molecular weight, the variation of the constant 
for the different classes of liquids is considerably diminished 
and the value of Ki may be regarded as approximately constant 
for all normal liquids, as the following table will show. 

The constitutional effects on the value of the constant Ki 
for normal liquids are quite marked but small enough to be 
neglected in comparison with the effects of association. Taking 
the mean value of Ki to be 37, the deviation from this value for 
any normal substance seldom amounts to more than 6 or 7 per¬ 
cent. As will be seen from the liqmds given in the latter part 
of the table the effect of association is considerably greater 
than this deviation. 

For an associated liquid the equation should be written 
T, = Ki 

where x is the association factor, M the mcffecular weight of 
the simple molecule and v, the specific volume at the boiling 
point. 


^ Phil. Mag.> [6] ao^ 53a (1910). 
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Liquid 

Vs 

T, 

Ki 

Benzene 

95-9 

353-2 

40-9 

Toluene 

117.9 

382.2 

39-7 

Carbon tetrachloride 

103-7 

349-7 

34 

Ether 

io6.1 

307-6 

34-7 

Hexane 

139-8 

341-9 

34-1 

Butyl ether 

197-3 

413-9 

33-9 

Ethyl benzoate 

174.2 

482 

39-7 

Phenyl propyl ether 

172 

463 -5 

39 I 

Amyl chloride 

136.3 

374-5 

35-9 

Propyl bromide, 

97-2 

344 

35-8 

Bromobenzene 

119.8 

429 

39-4 

Fluobenzene 

lOI .9 

358-2 

38-7 

Chloroform 

84-5 

334-1 

36.6 

Diallyl 

125-7 

332.2 

34-7 

Ethyl butyl ether 

150.1 

364-4 

34-1 

^-Xylene 

140.2 

; 411 

39-1 

Mesitylene 

102.4 

1 437-5 

38.6 

Methylene chloride 

65.1 

! 314-6 : 

40.5 

AUyl chloride 

84.5 

‘ 318.5 

38-5 

Amyl but)nrate | 

222.3 

i 457-8 

34 4 

Propyl acrylate 1 

144-9 i 

! 395-9 ' 

36-6 

Associated Liquids 



Water i 

18.78 • 

373 i 

111.8 

Methyl alcohol ' 

42.6 

337-9 i 

64-3 

Ethyl alcohol 

62.2 

351-3 i 

53-3 

Propyl alcohol > 

81.2 

370.4 1 

48.1 

Formic acid * 

41-1 

373 j 

b 5 

Acetic acid i 

63.6 

391-5 ; 

55-2 

Acetone i 

77-3 

329.2 i 

43-8 

Phenol 1 

103.6 

467 ! 

50-4 

Methyl cyanide 1 

57-2 

354-2 i 

57 


Putting Ki = 37, we may write the equation 
log xM = —rj- 

If we knew T, and v, for an associated liquid we could, there¬ 
fore, calculate the association factor x. But unfortunately 
we do not know these terms and have no means of determining 
them. For an associated liquid the observed boiling point 
is lower than the true boiling point T, that should be taken in 
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the equation and it is found that the value of yy, increases 

with rise of temperature; hence, if in the above equation we 
calculate x, using the observed values of T, and v„ we shall 
obtain results that are too small. However, these results will 
be interesting as fixing approximate minimum values to the 
association factors at the observed boiling points. In the 
following table are given these minimum values for a few 
cases of associated Uquids: 


Liquid 

i M . 

Vs 

T, 

1 .T at Tf 

(miniTnum 

Water 

; 18 ' 

18.78 

373 

' 6.3 

Methyl alcohol 

32 

42.6 

337-9 

i 2.55 

Ethyl alcohol 

46 

62.2 

351-3 

1 1.89 

Acetic acid 

60 

63.6 

391-5 

' 2.05 

Formic acid 

: 4 (> 

41.1 

373 

2.71 

Allyl alcohol 

58 

74 1 

369 -5 

1.70 

Phenol 

94 

103.6 

467 

! I 77 


The remarkable feature about the above results is the very 
high value for water in comparison with results obtained by 
methods based on the surface tension. This may possibly 
be explained by the fact that results obtained by surface-ten¬ 
sion measurements can only refer to the surface condition and 
in the case of water the associated molecules in the surface 
layer may, owing to a smaller concentration, be much more 
dissociated than the molecules in the interior of the liquid. 
In the other cases theie is no considerable difference from the 
values obtained by other methods. But it must be remembered 
that the true values are all bigger than those given in the 
above table. In the case of acetic acid, however, since the 
vapor is already considerably associated, the value of x 
given in above table will only be comparatively slightly less 
than the true value. 

In contrast to the above method a new equation by 
which approximate values for the association factor may be 
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determined, but whidi depends upon the surface tension, is 
given below. 

1 have shown* that the following equation is true; 

where y is the smface tension, T, the critical temperature, 
m the molecular weight, d, the density at the boiling point 
and dx and d, the densities of liquid and satmated vapor, re¬ 
spectively. If this equation be equated with Walden’s® equa¬ 
tion 

Y j = 8 . 89 (T.-T- 6 ) 


SO as to eliminate T, we obtain the equation 


m 


Kdur + b ) 

( ^ V 

Vd.,*''*—d//* 8.8o/ 


This equation gives the molecular weight in terms of tempera¬ 
ture, surface tension and density. Now for an associated 
liquid we cannot take for d, the observed value, since the liquid 
and vapor phases are not chemically the same. If, however, 
we restrict the application of the equation to temperatures 
well below the boiling point we can neglect d,. Putting in 
observed constants the equation may now be written 


m = 


3.75(T + b)dt 



0.4264 


(A) 


where d, is the density of thie Iquid at temperature T. The 
validity of the equation is tested in the following table for some 
normal liquids at a temperature of 0 °. 

The values of the surface tension y^ at 0 ° have been cal¬ 
culated for the most part from the results of Ramsay and 
Shields. The value of the small, quantity b has been taken 
equal to 6. 


^ Jour. Phys. Chem., 17, 717 (1913). 
* Zeit. phys. Chetn., 65, 129 (1909). 
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IriQuid 


Carbon tetrachloride 

Carbon disulphide 

Phosphorus trichloride 

Phosphorus oxychloride 

n-Octane 

«-Hexane 

Toluene 

SO2CI2 

Ethyl iodide 

Aniline 

Benzene 



28 

I 36.61 
1 30-80 
j 34-18 
: 22.69 
! 19-u 
: 30 44 

: 31 19 
I 32.58 
■45 

I 


1*6325 

I.2921 

I.6127 

1.7116 

0.7185 

0.6769 

o.8850 

I.7081 

1*975 

1*0379 

0.9001 


1.483 
1.2224 
I.4684 

1*5097 

0.6119 
0.6160 
o.7809 
I 5602 
1.806 
0.8727 
0.8135 


152.6 

78.4 

136.3 

148.7 

III 

92.2 

86.4 
140.6 

155 

86.1 


m 

(obs.) 


154 

76 

137 5 
153.5 

114 

86.1 

92.1 

135 

155-5 

93 


There is quite a good agreement between the calculated 
and observed molecular weights as given in the last two columns 
of the above table. Most of the values of 7 were obtained by ex¬ 
trapolation of results obtained by Ramsay and Shields at 
higher temperatures and are not, therefore, as accurate as 
otherwise might be. Also some accuracy is sacrificed in neg¬ 
lecting the term d, in the original equation, particularly 
for the liquids with high vapor pressmes. 

In applying the equation to associated liquids we find 
that we cannot strictly take for d, the observed value at 
the observed boiling point, since, if the liquid did not dis¬ 
sociate on vaporization the vapor pressure would be less and 
the boiling point consequently higher. Hence, the ob¬ 
served values of d, are too high. Therefore, if we calculate 
the molecular weights of associated liquids using observed 
values for d, we shall obtain results too small. However, 
since the density changes only comparatively slightly with the 
temperature, the results wotild not be very far from the true 
values. In any case they can only be regarded as minimum 
values. Also it must be remembered that as the equation 
contains the surface tension the results will refer only to the 
surface condition. In the following table are given a few of 
these minimum values for some associated liquids for a tem¬ 
perature of o“: 
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Liquid 

7o 

Water 

73-21 

Methyl alcohol 

25-17 

Ethyl alcohol 

23.86 

f»-Propyl alcohol j 

25.21 

Acetone 

25-43 

Acetic acid 

' 24.78 




Minimum values 

do 

ds 

m (calc.) i x 

I .000 

0.9596 

28.9 

i.6t 

O.8IOI j 

0.7518 

77.5 

2.42 

0.8062 

0.7405 

84.7 

1.84 

0,8193 ; 

0.7396 

87.7 

1.63 

0.8186 : 

0.7537 

80 

1.38 

1.0697 

0.9435 

128.6 2.15 


It will be seen from the above table that the values of 
the association factor x are, on the whole, much smaller than 
the results given by the previous method at the boiling point. 
This is particularly the case with water. At the boiling points 
the above results (except acetic acid) would, of course, be still 
smaller. It would appear then, as highly probable, that in 
the sirrface layer of an associated liquid the molecules are 
much less associated than in the interior of the liquid. In 
the case of acetic acid, since the vapor is already practically 
double molecules (and it will be shown later that acetic acid 
undergoes but little dissociation on vaporization), the degree 
of association at the surface will be but slightly different than 
in the interior of the liquid and hence the above result will 
not be far from the tnith. It may be remarked, too, that the 
above association factor for acetic acid is in very good agree¬ 
ment with the result found by the previous method at the 
boiling point. 

The Qualitative Detection of Association 

The various equations which have already been studied 
in regard to the quantitative determination of the degree of 
association, although they have been found unsatisfactory 
for this purpose, may nevertheless be advantageously used 
for the detection of molecular association. Several of the 
methods, however, have so far disagreed with each other tha t 
in some cases it has become doubtful whether a liquid is as¬ 
sociated or not. For instance, as already mentioned, Bing¬ 
ham and Harrison found some liquids to be associated which, 
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according to the Ramsay-Shields method, appear to be quite 
normal, and according to Garver most of the so-called normal 
liquids are associated. Also, it is quite possible that, since 
methods which depend upon surface tension only really re¬ 
fer to the surface condition of a liquid, there are liquids which 
are really associated but which, according to such methods, 
appear to be quite normal. For example, the lower esters 
are, as will be shown in what follows, in all probability associ¬ 
ated, though, according to Ramsay and Shields they are 
normal. It becomes, therefore, a matter of importance to 
study the effect of association on the various equations and 
to determine the best means by which one can find whether 
a given liquid is associated or not. 

Trouton's Equation .—This well known equation is often 
used as a test for association. That it is not a reliable test, 
however, is proved by the fact that acetone, an associated 
liquid, gives a constant (22.0) which lies within limits of 
variation of the constant for normal liquids. Nor do all 
associated liquids affect the constant in the same way; for 
example, for water the value of the constant is 25.9, w'hilc 
for formic acid it is 14.9, the normal value being about 20. 
This varied influence is easily explained. The equation may 
be written 

A A 

where I, is the latent heat at the boiling point T.,, M the molecu¬ 
lar weight and K is a constant. 

Now, for an associated liquid which dissociates on vapor¬ 
ization, the observed value of L is too great, since it includes 
the heat of dissociation. Also the observed boiling point is 

too low. Hence, the observed value of is too great while 

that of M is too small. Obviously, therefore, the effect of 
association on the constant K will depend upon the relative 
L 

effects on and on M. In the case of water and the alcohols, 
whose associated molecules dissociate completely on vaporiza- 
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tioa, the effect on will preponderate and the value of the 

constant will appear larger than the normal. On the other 
hand, in the case of, say, formic acid, in which the amount 
of dissociation which occurs on vaporization is relatively 
small, the factor M will have the greater effect with the result 
that the constant falls below the normal value. If the two 
effects balance each other then we should have a case like ace¬ 
tone giving approximately a normal constant. It is dear, 
therefore, that Trouton’s equation is not an infallible test 
for assodation. 

Kistiakowski’s Relation .—A similar relationship to Trou¬ 
ton’s is that of Kistiakowski‘ 



where a* is the capillary rise in a tube of i mm radius at the 
boiling point T„ and Ki is a general constant equal to about 
1.14. For an assodated liquid the value of a* will sometimes 
be too large and sometimes too small according to the relative 
effects of too low a value for T, and a partial dissodation of 
molecules in the surface layer.. However, probably the ob- 

’ a* 

served value of for an assodated liquid is but little different 

from the true value, and hence the chief influence lies in the 
value of M, which bang too small (t. e., normal value of simple 
molecule), the constant for assodated liquids will be always 
smaller than normal value. For methyl alcohol the value is 
0.482, and for acetic add 0.576. Kistiakowski’s relation may 
therefore be considered a good test for assodation. 

If Trouton’s equation and Kistiakowski’s equation be 
equated together so as to eliminate T, we obtain a relation¬ 
ship independent of the molecular weight 

a* 

=> 0.0556 

which is true at the boiling point only. This equation could 
be used to detect association, but the following equation dis- 


* Zdt. Eiektroc^emie* za, 513 (1906}. 
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covered by the author* expresses the same relationship and is 
independent of the boiling point, and, therefore, is better 
to study. 

lidu — dvY^' 

In this equation y is the surface tension, d, the density at the 
boiling point, I the internal latent heat and di^ and d^ the 
densities of liquid and saturated vapor, respectively. Re¬ 
stricting the application of the equation to temperatures 
below the boiling point we may neglect d, and the equation 
becomes 



By the aid of this equation, which is independent of the molecu¬ 
lar weight, we can calculate the approximate latent heat of 
vaporization of an associated liquid minus the heat of dissocia¬ 
tion of the associated molecules. The observed value of 
d, will, however, be slightly too great for liquids which dis¬ 
sociate on vaporization. Also probably the value of y for 
such liquids will be too small on account of the partial dissocia¬ 
tion in the surface layer. The two factors counteract so 
that the observed value of yd/' will not be far from the true 
value. In any case the variation can only be small compared 
with effect of association on the value of 1 . 

In the following table are given for a few liquids, both 
normal and associated, the values of the internal latent heat 
I calculated according to the above equation. In the last 
column of the table under H are given the heats of dissociation 
of the associated molecules (i. e., difference of calculated and 
observed latent heats). The surface-tension data are for 
most part calculated from Ramsay and Shields’ results, while 
the observed values of I are mostly according to Mills.* 

It will be seen from the table that for the normal liquids 
the calculated values of the internal latent heat agree well 

* Jour. Phys. Chem., 17,717 (1913). 

' Jour. Am. Chem. Soc., 31,1099 (1909}; Jour. Phys. Chem., 13,513 (1909). 
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l^iquid 


yt 

dt 

ds 

1 

(calc.) 

1 

(obs.) 

H 

Benzene 

0“ 

30.30 

0.9001 

0.8135 

99*9 

99.1 

_ 

0.9 

Octane 

0° 

22.69 

0.7185 

0.6119 

84.9 

84.7 

— 

0.2 

Hexane 

0" 

19.11 

0.6769 

0,6160 

84.7 

84-7 


— 

Chloroform 

20® 

25.88 

1.481 

1.409 

56.4 

58.1 

+ 

^•7 

Chlorobenzene 

0® 

. 34-16 

1.128 

0.984 

84.7 

85 

+ 

0.3 

Ether 

0® 

18.69 

0.7362 

0.6956 

8i.i 

85-4 

+ 

4*3 

Carbon disulphide 

0° 

32.2 

1.292 j 

1.222 1 

79-71 

82.8 

+ 

3*1 

Carbon tetrachloride 

0® 

28 

1.632 i 

1*483 1 

51-4 i 

48.4 

— 

3 

Water 

0® 

73-21 i 

i.ooo : 

0.9596 ; 

24 ; 

565 , 

+325 

Methyl alcohol 

0® 

25 - 17 ; 

0.8101 1 

0.7518 : 

96.3 ; 

272.4 

+ 

176 

Ethyl alcohol j 

0® 

23.86 1 

0.8062 i 

0,7405 . 

90.2 ' 

209.2 ‘ 

+ 

[19 

Acetone 

0® 

i 23.43 i 

0.8186 I 

0.7537! 

87.6; 

131-8 

+ 

44*2 

Methyl formate | 

0® 

27.68 ; 

1.0032 : 

0.957 

89-51 

113.2 

+ 

23*7 

Ethyl acetate | 

0° 

26.03 ! 

0.9244 j 

0.8282 

82-3: 

94-4 

+ 

12.1 

Acetic acid ‘ 

0°' 

24.78 ‘ 

1.0697 ' 

0.9435 ' 

65-9' 

76.4 

+ 

10.5 


with the observed results, and the heats of dissociation H are 
practically zero. For the associated liquids, on the other hand, 
the values of H are very large. It is interesting to note that 
in the case of acetic add the value of H is comparatively 
small, indicating that on vaporization of liquid acetic add 
very few molecules dissociate. We may, therefore, in the 
case of acetic add, employ several of the methods of determina¬ 
tion of assodation factors which in other cases are rendered 
invalid on account of the dissociation of associated molecules 
which occurs on vaporization. It is also interesting to note, 
in the above table, that the two esters given are markedly 
associated. The above equation may be considered a good 
test of association. 

A second, but less satisfactory, method of calculating the 
latent heat of vaporization of associated liquids minus the 
heat of dissodation of assodated liquids is by aid of an equation 
by Lewis ^ 



1 Phil. Mag., [6J 23, 268 (1911): Zeit. phys. Chem., 81, 626 (1913). 
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where L is the latent heat at the temperature T, v is the specific 
voliune, jS the compressibility and J the mechanical equiva¬ 
lent of heat. In the following table are given a few cases of 
the application of this equation. The data for /3 and dv/dt 
are by the author, and most of the observed values of L are 


according to Mills.’ 








1 

Liquid 

i 

r 

dv/dt 

X 10® 

L 

(calc.) 

i 

: L 
(obs ) 


H 

Ether 


0 .CX )205 I 

i 152.97: 

88.6 

92.5 

: + 

3-9 

Benzene 


c 

8 

Cm 

0 

, 81.95 

ro6.i 

106.1 


— 

Toluene 


0.(X>I 163 

i 79 - 34 , 

96.8 

lOI 

' + 

4-2 

Carbon tetrachloride 

1 o° 

0.000720 

1 91-03 

52.2 

51-9 

— 

0-3 

Chlorobenzene 

1 

o.ocx) 84 I 

' 67.02 

82.9 

89.9 

+ 

7 

Bromobenzene 

1 o° 

0.0005778 

56.32, 

67.7 

67.4 

— 

0.3 

Chlorotorm 

1 o° 

0.000794 

. 85.90 

61 

64.8 

+ 

3-8 

Hexane 

30° 

0.002120 

178.3 

87.1 

86 

— 

1.1 

Ethyl iodide 

72-52° 

,0.0007242 

149.6 

40.4 

46 

+ 

5-4 

Ethyl bromide 

38.40° 

0.001052 

155-4 , 

46.1 

59-9 

+ 

13-8 

Carbon disulphide 


o.<kx)88i8 

81.44 

71-5 

90 

+ 

18.5 

Ethyl acetate 

0° 

0.001370 

, 96.29 

93-9 

100.6 

+ 

6.7 

Acetic acid 

0° 

o.cx)ioi9 

88.71 

75 - 9 , 

84 

+ 

8.1 

Methyl alcohol 

0° 

0.001409 

: 107.59 

86.7 

289.2 

+ : 

?02.5 

Ethyl alcohol 

0° 

0.001288 

99-95 

85.1 

220,9 

+ : 

135-8 

Water 

50° 

0.000455 

44-4 

80 

56.5 

+485 


It will be seen from the table that for most of the normal 
liquids the value of H is very small, but, on the other hand, 
very large for the strongly associated liquids except in the 
case of acetic acid, for which, as was found also in the pre\’ious 
method, the heat of dissociation is comparatively small, 
indicating that very few molecules dissociate on vaporization. 
There are, however, some differences from the results found 
by the previous method. For instance, carbon disulphide 
would appear to be associated, and also slightly, ethyl bromide 
and iodide. Carbon disulphide shows in other respects some 
peculiarities which will be discussed later. In the cases of 
water and the two alcohols the values of H found are con¬ 
siderably greater than in the previous method, but it is prob- 


1 Loc. cit. 
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able that in the previous method the values obtained were 
minimum values on account of the surface tension being in¬ 
cluded in the equation. 

The effect of molecular association on the Ramsay- 
Shields equation is not necessarily always the same. Writing 
the equation 

(T.-T-b) 

we see that while the observed value of (T^ — T — i>) for an 
associated liquid is too small, the values of m and probably 
also of Y are also too small. The two effects react upon the 
value of the constant K in opposite ways, with the result 
that it is quite possible to have an associated liquid which 
gives a normal value for the constant or even a value greater 
than the normal. The lower esters, for example, are in all 
probability associated, yet they give normal values for the 
constant K. Carbon disulphide is possibly another case. 
On the other hand, if a liquid gives a value of the constant 
less than the normal value, it is undoubtedly an associated 
liquid. For substances of very high molecular weight it has 
been shown* that the equation is no longer valid, values of 
K being obtained much higher than the normal value even for 
liquids which are probably normal. In such cases it is probable 
that owing to the very great size of the molecules, compara¬ 
tively speaking, the value of the molecular volume is no longer 
proportional to the other terms in the equation but is much 
too high. 

As further tests of association the two equations 
T, = K®Vv, log M 

and 

^ = ^ddr + b) . 

which have already been appHed to the determination of 

> Walden: Zeit. phys. Chem., 75, 535 (1910); Dutoit and Friderich: 
Comptes rendus, X30, 327 (1900). 
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minimum values of the association factor, may be used but 
they are only applicable with certainty when the degree of 
association is comparatively large. 

Some Special Cases 

(j) The Association of the Lower Esters .—As already men¬ 
tioned the lower esters behave in general towards the Ramsay- 
Shields equation like normal liquids. There is, however, 
considerable evidence that they are appreciably associated. 
In the following table are given a list of the constants for a 
number of esters of the various equations which have already 
been discussed. The normal values are given at the bottom 
of the columns. 


Liquid 

'p. 

i 


K « 

T, 

X from: H from 3 m 
Equa- Kqua* 


dc 

dc 

V^^alogM 

tion A* tion 

Methyl formate 

: O'255 

, 2.74 

i 43-7 

1.38 23.7 0.957 

Ethyl formate 

1 0.257 

2.71 

1 39-9 ■ 

- i - ! I . 02 

Methyl acetate 

1 0.254 

2,72 

1 40.4 

- 1,02 

Ethyl acetate 

: 0.254 

2.69 

1 38-1 ' 

I . 11 12,1 j I .07 

Normal values of con¬ 
stants 

; 0.267 

2.61 

1 

i 37 ■ 

0 

8 


D< = theoretical critical density; dc — observed critical density. .-Ul 
other terms and equations have already been given. 

The above table affords ample evidence of the association 
of the esters. The lowest ester methyl formate appears to be 
quite strongly associated. According to Equation A the value 
of its association factor x must be greater than 1.38. It 
may be mentioned also that Bingham and Harrison® also 
concluded that the lower esters are appreciably associated. 
Traube* also found them to be associated. 
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(2) The Association Factor oj Acetic Acid .—It has been 
shown by two different methods that when liquid acetic acid 
vaporizes comparatively little of it dissociates. We may, 
therefore, with a fair approximation determine its association 
factor by means of any of the foregoing equations which con¬ 
tain the molecular weight and for which the other terms are 
known. In the following table are collected the restUts 
obtained by various methods: 


Values oe x bv Different Methods 



Ramsay and 
Shields* equation 
with observed Tc 

Traube*s 

method 



2.19 at 20® 

2.1 at 0® 


Equation 

T, =37V’/tlogM 

j Equation 

3.7Sdi.(.T b) 

Ristiakowski’s 

! 

Equation^ 


equation 

M(C|»—Cp) 

|- -f/, - 

! 

2.05 at 118° 

2.15 at 0® 

1.92 at iiS® 

1 

2,02 ato® 


It will be seen from the table that in each case the value 
of the association factor x approximates closely to 2.0. That 
is to say, the molecules appear to be simply double molecules. 
It is interesting to compare these results with the values 
found by methods at present in use. Ramsay and Shields 
found for x between 16° and 46° the value 3.62 and Batschinski 
the value 3.47 at 20°. These results are widely different 
from the values foimd in the above table and the divergence 
serves to illustrate the inapplicability of the methods of Ram¬ 
say and Shields and of BatschinsW. Traube, on the other 
hand, obtained the concordant result 2.1. 

It would appear from these results that acetic add does 
not undergo a gradual assodation of simple gas molecules 
depending upon the concentration, but that two simple gas 
% 

^ This equation is discussed later. * 
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molecules imite to form a stable compound and a normal 
liquid which will undergo no further association. 

(j) The Case of Carbon Disulphide and Some Remarks 
on the Theory of Molecular Association. —Carbon disulphide is 
usually considered to be a normal liquid and in its behavior 
in many respects it appears to be quite normal, but I have 
discovered that it shows certain peculiarities from which 
it would appear that it is really an associated liquid. In the 
Ramsay and Shields equation it gives an approximately normal 
constant; it follows Trouton’s equation and Kistiakowski’s 
equation; its heat of dissociation H as calculated according 
to the equation 



(see page 97) is practically zero and it gives a normal molecular 
weight as calculated according to Equation A given on page 
101. On the other hand, for the ratio of the theoretical critical 
density to the observed critical density it has a value 0.328, 
whereas the normal value is 0.267; the ratio of the critical 
temperature to the boiling-point temperature for normal 
liquids varies from about 1.45 to 1.58, but for carbon 
disulphide the A'alue is 1.71; the value of the ratio of the density 
at the boiling point to the critical density is, for normal liquids, 
about 2.65, but for carbon disulphide the value is 3.24; the 
value of the function Tj/®VV log M (page 90) for normal 
liquids is about 37, but for carbon disulphide the value is 42.8; 
and according to Lewis’ equation (see page 98) it appears 
to be an associated liquid. Is, then, carbon disulphide a 
normal or an associated liquid? But these are not all the 
peculiarities shown by this substance. I have found that 
for a number of normal liquids the function M(C^, — C,)/V'''* 
where M is the molecular weight, and Ce-the specific 
heats at constant pressure and constant value, respectively, 
and V is the molecular volume, is approximately constant at 
constant temperature. In the following table are given some 
values of the function for the temperature of 0°: 
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Liquid 

M(C#—Ci-)/VV. 

X 

Benzene 

2.22 


Ether 

2.13 


m-Xylene 

1.98 


Aniline 

2.20 


Nitrobenzene 

2.12 


Carbon tetrachloride 

2.07 


Chloroform 

2.07 


Ethylene chloride 

' 2.12 


Toluene 

1-95 


Ajiisol 

2.18 


Hexane 

2.23 


Bromobeuzene 

I 99 


Mesityl oxide 

2.13 


Ethyl iodide 

1.78 

1*33 

Ethyl bromide 

1.80 

1.29 

Carbon disulphide 

1.60 

1.56 

Acetic acid 

1*34 

2.02 

Methyl alcohol 

0.928 

3 51 

Ethyl alcohol 

1.06 

2.90 

Propyl alcohol 

1.22 

2.25 

Acetone 

1-93 

I 13 

Water 

0.00414 

1170 


It will be seen that for the majority of normal substances 
in the above table the value of M(C^ — C,)/V’''’ approximates 
to a constant. The associated liquids and a few liquids of 
high density, chief among which is carbon disulphide, form 
exceptions to this generalization. The question arises, there¬ 
fore: Do carbon disulphide and ethyl bromide and iodide 
disagree with the above relation because the relation is in¬ 
exact or because they are associated liquids? The constancy 
of the ftmction in other cases excludes the explanation of the 
anomaly by inexactitude of the relationship. If we make 
use of the constancy of the function M(C^ — C,)/V'''* to 
calculate association factors (x), we get the results given in 
Column 3 of the above table. It will be noticed the value 
of X for acetic add agrees very well with values previoudy 
found. Fm- water, owing to the very small value of (C# — C,) 
the Value of x appears to be extremely lagh. It is evident 
that for some reason the equation is not applicable in this 
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case. Carbon disulphide too, it will be noticed, would ap¬ 
pear to be strongly associated. The anomaly shown by water 
is coimected with the peculiarity shown by water between 
0° and 4® for the calculation of the function C, — C, involves 
the value of dv/dt. 

There are other equations in which carbon disulphide 
and also water show ciirious results. I have shown previously^ 
that the following equation is approximately true 


where d is the isothermal compressibility, 7 the surface tension, 
T the absolute temperature and K is a constant independent 
of the nature of the liquid. In the following table are given 
in Column 4, values of K for a number of normal and associated 
liquids. The values of 7 have been obtained for the most 
part from Ramsay and Shields’ determinations and the v'alues 
of d are from my own determinations. All the values are for 
temperature of 0° except otherwise stated. 


Liquid 

0 X lo* 

7 

K 

Benzene 

81 -95 

30.30 

1.196 

Ether 

>52.97 

18.95 

1.19 

Chloroform 

85.90 

29 -15 

1.19 

Carbon tetrachloride 

91.03 

28.17 

I 20 

Chlorobenzene 

67.02 

32.34 

I .06 

Toluene 

79-34 

29 75 

I. 13 

Nitrobenzene 

50-52 

41 95 

1 . II 

w-Xylene 

75‘39 

30.17 

1 .09 

n<Hexane at 30® 

178-3 

16.4 

I . II 

Ethyl acetate 

96.29 1 

26 1 

I 15 

Ethyl iodide 

85-59 

32.46 ■ 

1.36 

Ethyl bromide at 38.4® 

155-4 i 

21.9 

I .40 

Carbon disulphide 

81.44 i 

36.61 ; 

1-53 

Acetone 

106.3 j 

25-5 

1-23 

Acetic acid at 20® 

91-85 

23-46 1 

0.93 

Ethyl alcohol 

99 95 

23-86 ! 

1.06 

Me^yl alcohol 

107.6 

25.17 i 

1 1.22 

Water 

50.78 

73.21 

2.37 


• Zeit. phys. Cheta., 87, 169 (1914)- 
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Now it will be noticed that the preceding equation does not 
contain the molecular weight and it should, therefore, be valid 
for both normal and associated liquids. As, however, for as¬ 
sociated liquids the chemical composition of the surface layer 
is probably different from that of the interior of the liquid 
owing to dissociation of associated molecules, the surface 
tension will probably be too small and hence for associated 
liquids we should find the value of K somewhat smaller than 
the normal. This is, however, only the case for acetic acid, 
and in this case the effect of the siirface layer should only be 
slight, because acetic acid only dissociates a little on vaporiza¬ 
tion. In the other cases we find curious results. Ethyl alcohol 
gives a normal constant, methyl alcohol a con.stant rather too 
high and water, carbon disulphide, ethyl iodide and ethyl 
bromide, values of the constant much too high. We find again 
the same substances as before in disaccord with the general 
behavior of normal liquids. Also the associated liquids them¬ 
selves do not ^show any similarity of behavior among them¬ 
selves. It is possible that the value of the compressibility 
d for the associated liquids may be too high on account of the 
possible increase of association with a resulting diminution 
of volume, which occurs on compression. But tliis would not 
explain completely the high value of K given by water, for 
it would mean that more than half the decrease of volume which 
occurs when water is compressed Would be due to an increase 
of the molecular association. And in the case of carbon di¬ 
sulphide it does not seem at all possible that it could be so 
much associated that the change of association on slight com¬ 
pression by one .atmosphere pressure would be sufficiently 
great to account for the high value of K given by this sub¬ 
stance. Nor can the anomalies be due to inexactitude of the 
relationship or to constitutional effects for, as seen from the 
preceding table, a large number of liquids of greatly differing con¬ 
stitutions give values of K, which, in the extreme case of carbon 
tetrachloride, only differ from the mean value (1.14) by about 
5 percent, whereas the variation in the case of carbon disulphide 
is about 27 percent. 
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The existence of these anomalies renders necessary an 
e xamin ation of the theory of molecular association of liquids. 
Since the work df Ramsay and Shields in 1893 on the surface 
tension of liqiljds and the application of the equation of 
Edtvos to the determination of molecular weights, it has come 
to be regarded as chemical law that such liquids as the alcohols 
and water behave in their properties in general, and in par¬ 
ticular in their disaccordance with various empirical relation¬ 
ships, such as the Ramsay, Shields-Eotvos equation, differ¬ 
ently from the majority of other liquids because the simple 
gas molecules of these liquids are, in the liquid state, combined 
or associated together. This conception, however, rests upon 
no fundamental chemical principles, but is purely hypothetical. 
Only in the case of such liquids as acetic acid and nitrogen 
peroxide, which are associated in the gaseous state, can we 
be perfectly sure that there is molecular association in the 
liquid state. And the fact, as was seen above, that water and 
the alcohols along with carbon disulphide and several other 
liquids show differences of behavior to acetic acid, calls into 
question the truth of this theory. It may be mentioned here 
also, that Ramsay and Young' found that for the alcohols 
and the ordinary normal liquids the value of the function 
(dp/di)v is independent of the temperature but that this is 
not the case for acetic acid and nitrogen peroxide, which seems 
to indicate some difference in the molecular condition between 
the alcohols and acetic acid. 

To explain these anomalies I put forward the following 
hypothesis: In the cases of such liquids as water and carbon 
disulphide and also probably, though to a lesser degree, the 
alcohols, the molecules in the hquid state have not a transla¬ 
tional kinetic energy strictly proportional to the absolute 
temperature as is the case with gases; but that, through the 
crowding together of molecules under the influence of strong 
attractive forces, the motion of the molecules is hindered 
somewhat so that the mean kinetic energy is constantly less 


Phil. Mag., [5] 34, 196 (1887). 
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than the mean kinetic energy of external free molecules with 
which the liquid is in thermal equilibrium. The number of 
stationary molecules or molecules possessing little energy be¬ 
comes greater than can be compensated for by molecules 
possessing extremely great kinetic energies. It is not difficult 
to understand that in a compact group or system of molecules 
there is a limit to the velocity or energy that a molecule may 
have while any number of molecules may for an instant be 
stationary. Or it may be regarded that such liquids are 
approaching the condition of the solid state when the mole¬ 
cules possess comparatively little kinetic energy. 

It may be mentioned in support of this hypothesis that 
Amagat* has demonstrated from his experiments on compressi¬ 
bility under very high pressures that as the molecules come 
closer together at constant temperature the internal pressure 
(pressure of molecular attraction) at first increases, reaches 
a maximum and then begins to decrease rapidly with further 
diminution of the volume. If now, we imagine the same 
phenomena occurring when the volume is diminished by cool¬ 
ing at constant pressure instead of by pressme, it would neces¬ 
sarily mean that the molecules began either to associate or to 
be losing kinetic energy at a greater rate than gas molecules 
at the same temperature. But, as we have seen, association 
will not explain all the facts, and hence we are compelled to 
accept the alternative of an abnormally low kinetic energy. 

It may be mentioned also that van der Waals^ has found 
it necessary to introduce a very similar hypothesis in order to 
explain the disagreement between the observed results and 
those determined from the equation of state for liquids at high 
density. He prefers to consider, however, that the mole¬ 
cules (of normal substances even) tend to form loosely combined 
groups which for an instant behave as single molecules. This 
process he calls quasi-association. Unless, however, it be 
considered that each molecular complex has not the normal 


1 Ann. chim. phys., [8] 28, i (1913). 

* Proc. K. Akad. Wetensch. Amst., I3i Pt. I, 107 (1910). 
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molecular kinetic energy, then, so far as the effect on the phys¬ 
ical properties of the substance is concerned, it will be just 
the same as ordinary association. If, however, it be granted 
that these molecular complexes possess less kinetic energy 
than the normal free molecule at the same temperature, then 
the hypothesis of quasi-association reduces to the same con¬ 
ception as I have put forward here, and the reason for the ab¬ 
normally large compressibilities of water, carbon disulphide, 
etc., becomes comprehensible. The molecules bombarding 
each other with less energy than external gas molecules at 
the same temperature will offer less resistance to an external 
pressure, and hence the compressibility coefficient /3 is abnor¬ 
mally large and the value of the function in conse¬ 

quence greater than the normal value. A liquid composed 
of associated molecules possessing the normal kinetic energy 
would, of course, behave towards pressure like a normal liquid 
and give a normal value for the above function. 

In most other respects the retardation of the motion of 
the molecules would have the same effect qualitatively, at 
least, as molecular association. For instance, the latent heat 
would be abnormally large (though the effect would not be 
so great as association), since it would include the extra energy 
required to raise the kinetic energy of the molecules to the 
normal value. The boiling point and vapor pressure would 
be similarly affected. On the other hand, for such a liquid 
the molecular weight as calculated by an equation such as the 
Ramsay-Shields equation would be normal or approximately so. 

But this hypothesis is not sufficient in itself to account 
satisfactorily for the quantitative results. For instance, if 
we took an extreme case in supposing that for water all the 
molecules are at rest in the liquid state, then on vaporization 
at the boiling point 373 X 3 = 1119 calories would be absorbed 
per gram molecule to give the molecules their proper energy, 
and taking the value 325 calories per gram as calculated on 
page 98, as the latent heat absorbed other than work done 
against molecular attraction in vaporization, we find for 1 
^am molecule 325 X 18 = 5850 calories. Hence, the theory 
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of the retardation of the velocity of the molecules is not suffi¬ 
cient to account for the high value of the latent heat. We are, 
therefore, compelled to conclude that molecular association 
also exists in the case of water and probably also for hydroxyl 
compounds in general, and that the two factors, i. e., the re¬ 
tardation of the velocity of the molecules and molecular as¬ 
sociation both play a part in affecting the physical properties 
of the liquids. 

It must be concluded also that in the cases of carbon di¬ 
sulphide, ethyl iodide and bromide and perhaps also for many 
other liquids that there is no molecular association, but only 
the retardation of the molecular kinetic energy. 

So long as these two factors cannot be separated the de¬ 
termination of association factors is futile. 

It is hoped later, when more experimental data are avail¬ 
able, to study this hypothesis and conclusions more closely. 

Summary 

Any equation used for the exact determination of associa¬ 
tion factors of liquids must be valid for mixtures as well as 
for pure liquids. 

The method of Bingham and Harrison of determining 
association factors based upon measurements of fluidity is not 
reliable because it leaves out of account constitutional effects 
in the associated molecules. 

The Batschinski modification of the Ramsay and Shields 
method rests on an unsound basis. 

The method of Garver is based on untenable assumptions. 

By means of the following equation 

Ts = KWV, log M 

where T, is the boiling-point temperature, V, the molecular 
volume at the boiling point, M the molecular weight and K 
is a general constant equal to about 37, approximate minimum 
values of the association factors at the boiling points are 
determined. The minimum value for water thus determined, 
is about 6.3. 
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Approximate values of the molecular weights of liquids 
are calculated by aid of the following equation 

3-75 (T + tM 

. [dO-o-H 

where d is the density at absolute temperature T, ds the density 
at the boiling point and y is the surface tension. Applied 
to the calculation of association factors this equation gives 
values which are minima. 

Several methods for the qualitative detection of associa¬ 
tion are examined. It is shown that an associated liquid 
does not necessarily disagree with Trouton’s equation. 

The relation of Kistiakowski 




= K 


where a" is capillary rise in a tube of i mm radius, M the molec¬ 
ular weight, Tj the boiling point and K a general constant may 
be considered a good test for association. 

By means of the following equation 
yds‘'’ 

Ijy , = 0.295 

where / is the internal latent heat and the other terms are as 
before, the heats of dissociation of associated molecules on 
vaporization are calculated. It is shown by this means that 
acetic acid dissociates comparatively slightly on vaporization. 
The following equation of Lewis 

T — 

T _ d/ 

^ ~ ~W 


where L is the latent heat and /3 the compressibility, is applied 
to the same object as previously. According to this equation 
carbon disulphide and a few other “normal” liquids appear 
to be associated. 

It is shown that an associated liquid does not neces¬ 
sarily give an abnormal constant in Ramsay-Shields’ equation. 

Evidence is adduced to show that the lower aliphatic 
•esters are quite appreciably associated. 
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Taking advantage of the discovery that acetic acid dis¬ 
sociates only slightly on vaporization, fairly accurate values; 
of the association factor are calculated in various ways and 
a good agreement is obtained in the results by the different 
methods. In the liquid state acetic acid appears to exist 
simply as double molecules. 

The special case of carbon disulphide is discussed. This- 
substance appears to behave sometimes as a normal liquid 
and sometimes as an associated liquid. By means of the equa¬ 
tion 

V*/*' ^ 


where C, and Cp are the specific heats at constant pressure 
and constant volume, respectively, molecular weights of liquids 
may be calculated and it is found that carbon disulphide and 
a few other liquids behave like associated liquids. 

The following equation 


^y*/> 

T'A 


= K 


not containing the molecular weight should be valid for 
associated liquids as well as for normal liquids, but it is found 
that water and alcohol and carbon disulphide give too high 
constants, while acetic acid gives a constant too low. 

To explain these and other anomalies the theory is put 
forward that in the cases of carbon disulphide and water and 
some other liquids the mean kinetic energy of the molecules 
is, owing to dense crowding together under influence of at¬ 
tractive forces, less than the kinetic energy of free gas mole¬ 
cules at the same temperature. Evidence is adduced in sup¬ 
port of this theory. 

It is concluded that in the case of water and the alcohols 
both molecular association and the retardation of the kinetic- 
energy of the molecules exist and affect the physical properties, 
while in case of carbon disulphide and a few other liquids only 
the retardation of the molecular kinetic energy comes into play. 

Manchester University 
August^ igJ4 



A STUDY OF UTHOPONE 


BY W. J. o’BRIEN 

I/ithopone is an intimate mixture of barium sulphate 
and zinc sulphide precipitated from a solution of barium 
sulphide and zinc sulphate. It is put through a special process 
by which its physical properties are changed so that it is made 
suitable for use as a pigment. 

Lithopone is known as Griffith’s White, Jersey Lily 
White, Beckton White, Ponolith, Oleum White, etc. These 
whites are practically 30 percent zinc sulphide and 70 percent 
barium sulphate. Theoretically, equivalent solutions of- bar¬ 
ium sulphide and zinc sulphate produce 29.5 percent zinc 
sulphide and 70.5 percent barium sulphate. Some manu¬ 
facturers in Germany reduce these mixtures with barytes 
and use seals which indicate the quality. As a general rule, 
green seal German or Dutch lithopone contains the maximum 
amount of zinc sulphide which is 29.5 percent. Next comes 
red seal, which varies from 24 to 26 percent; then blue seal, 
white seal, and yellow seal, which contain varying amounts 
of zinc sulphide according to the whim or custom of the manu- 
facttmer. There are, however, two grades of lithopone, 
one known as gold seal and another as bronze seal, which 
contain, between 40 and 50 percent zinc sulphide, and natur¬ 
ally have much more hiding power and tinctorial strength 
than the so-called “green seal.” These are made by adding 
an additional percentage of pure zinc sulphide to the pulp 
prior to the roasting operation, which is described later on. 
Sulphopone contains calcium sulphate instead of barium sul¬ 
phate. 

There has been a growing tendency during the past thirty 
years to replace white lead as a base for white pigments by 
zinc sulphide with other mixtiu-es such as barium sulphate, 
magnesia, calcium sulphate, etc. 

Ostwald* states that “there are certain difficulties with 


* Zeit. Blektrocheiitie, a, 946 (1905), 
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the pale shades of color. The ground color of many pigments 
is white lead and white lead gradually becomes brown and 
dark. Further, colors, such as ultramarine, cadmium yellow, 
and vermilion, which contain sulphur, are acted upon by white 
lead and become dark. It is, therefore, desirable to sub¬ 
stitute another white material for white lead. Tithopone can 
be used for this purpose.” 

Lithopone has many characteristics which make it a very 
valuable pigment. It is brilliant white, very fine in texture 
and according to Toch' has the same tinctorial strength but 
more hiding power than pure zinc oxide. It has also the ad¬ 
vantage over white lead in that it can be mixed with pigments 
containing sulphur. 

‘‘Lithopone* is likewise very largely used in the cheaper 
grades of enamel paints, because it does not combine with 
rosin or semi-resin varnishes, and, therefore, remains unaltered 
in the package.... 

‘‘As an inferior white, a first coat white, a ready mixed 
flat paint for surface, or as a pigment in the lighter shades for 
floor paints, lithopone cannot be excelled for its body, dura¬ 
bility, hardness, fineness of grain, and ease of application. 
It does not oxidize progressively and this single featme has 
made it invaluable to the table oilcloth and floor oilcloth 
industry throughout the world... .As a marine paint where 
other whites would be necessary, it is found to outlast both 
zinc oxide and lead carbonate.” 

It might be worth while to mention here the work of M. 
Ragg* on the effect of lithopone on linseed oil. This author 
finds that neither linoleic add nor linseed oil has any marked 
effect at the temperature of the water bath upon the hydrated 
zinc sulphide, zinc sulphide, or lithopone. At a higher tem¬ 
perature the hydrated zinc sulphide is acted upon to some de¬ 
gree by the adds of linseed oil, stearic add, and oleic adds; 

* Toch: “Chemistry and Technology of Mixed Paints,” 26. 

® Toch: Ibid,, 30. 

» Kagg: Farben Ztg., 15, No. 41 (1910). 
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linseed oil does not act upon the hydrated zinc sulphide or 
upon lithopone. 

In an address on zinc, lithopone, and lead, before the 
Ohio Association of Master House Painters and Decorators, 
Mr. H. A. Gardner says: “Preliminary long time exposure 
tests have shown that lithopone may become a valuable com¬ 
ponent of colored paints, even for exterior wooden surfaces. 
Up to the present time, however, a satisfactory exterior white 
lithopone paint for wood has not, to the writer’s knowledge, 
been prepared. Nevertheless the fact that this pigment is, 
however, finding considerable usage in the making of paints 
for cement, is well known. 

“Lithopone is today finding a wider application than 
any other pigment in the decoration of interior wall surfaces. 
Nearly all of the modern flat wall paints contain a very large 
percentage of this opaque white pigment often in combination 
with zinc oxide. The varnish vehicles used with these pig¬ 
ments in flat wall paints are especially suited for inside wall 
work, the completed mixtures having proved much more 
satisfactory than the old-style paste pigments ground in oil 
and subsequently washed with turpentine. The ease of ap¬ 
plication and the great extent of siuface covered by one or 
two coats of lithopone-zinc flat wall paints have created a 
wide demand for painted surfaces.. . .Actual tests made by 
the writer have shown that a properly prepared zinc-lithopone 
flat wall paint has a spreading power forty percent greater 
than the old-style washed pigment-oil pastes. These tests, 
moreover, demonstrated the superior hiding power of lithopone 
paints as well as their greater ease of working. The evident 
economies of their use are so overwhelming that it is safe to 
predict that for interior work they will be universally used 
within a comparatively short period of time, and, further, 
that the custom of painting the interior walls of all kinds of 
structures will grow to sudi an extent that the painter will 
be a more important factor in otu* building trades than ever 
before.” 
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According to the Farben Zeitung/ lithopone has the fol¬ 
lowing advantages: 

1. It is free from poisonous properties and has greater cov¬ 
ering properties than white lead. 

2. It has great covering properties and high tinctorial 
strength. 

3. It is unaffected by sulphur gases and mixes easily with 
oil and other colors. 

“The following is a comparison of the covering properties 
of the following pigments: 

22 parts Green Seal Lithopone are equivalent to 

29 parts Zinc White 

49 parts White Lead 

50 parts Blanc Fixe 

In addition, lithopone is cheaper than white lead.” 

According to a private communication from Mr. Maxi¬ 
milian Toch these comparative data are not accurate. He 
finds that twenty parts of green seal zinc lithopone are equiva¬ 
lent to twenty parts of white lead,.thirty parts of chemically 
pure zinc oxide, and one hundred fifty parts of blanc fixe. 
This is for hiding power and not for covering capacity. 

The earliest reference which has been found for the pro¬ 
duction of lithopone is in the English patent of John B. Orr, 
February 10, 1874. This patent according to Hurst* is as 
follows: “This process consists in first preparing barium sul¬ 
phide by calcining baiytes with charcoal for some hours at a 
white heat; the calcined mass is then lixiviated with water to 
dissolve out the barium sulphide which is formed. The 
solution so obtained is divided into two equal portions. To 
one of these is added a solution of zinc chloride, whereby a 
precipitate of zinc sulphide is obtained according to the equa¬ 
tion 

BaS -I- ZnCl, = BaCl, + ZnS. 

“ The precipitate is not separated, but to the mass is now 
added the rest of the barium sulphide and sufficient solution 

^ Farben Ztg., 6, 275 (1901). 

* Hurst: '^Painters' Colors, Oils and Vami^es/' 66. 
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of zinc sulphate, when a combined precipitate of zinc sulphide 
and barium sulphate will be obtained. This precipitate is 
washed with water, filter-pressed, dried, and then calcined at 
a red heat in a suitable furnace. While still hot the mass is 
thrown into cold water, which causes it to become rather denser 
than it otherwise Would be, and thus have more body; the 
product is ground as fine as possible and dried, when it is ready 
for use.” 

Dr. S. Riderer^ described the process also. He states 
that solutions of barium sulphide and zinc sulphate are mixed 
in molecular proportions, the resulting precipitate of zinc sul¬ 
phide and barium sulphate is then dried, heated in a furnace, 
ground, washed and reduced. 

"The barium sulphide is obtained by roasting ground 
barium sulphate with coal or other carbonaceous material 
in a reducing atmosphere. Two types of furnaces are used; 
m., flat-bed reverberatory and rotary’kiln (Bruckner), either is 
equally good. Lixiviation of the product of the roasting gives 
a solution of sufiicient purity for the next stage of the process.” 

“For the zinc sulphate solution, any zinc-bearing material 
may be used. Spelter and dross leave little or no zinc in the 
insoluble residue but zinc ashes usually leave so much mud in 
the solution tanks that the unit of zinc in the material is not 
so valuable. As regards impurities, the sulphide metals cause 
little trouble. Arsenic or antimony usually disappear as 
arsine or stibine where metallic zinc is used or are precipitated 
with copper and cadmium by adding some barium sulphide 
solution. Iron and manganese are usually removed by boiling 
with bleaching powder. A more powerful oxidizing agent and 
longer boiling are usually necessary when manganese is present. ’ ’ 

There are a number of facts in the manufacture of litho¬ 
pone which are of interest. Sowes® points out that the pres-' 
ence of natural barytes in lithopone has a harmful effect. 

The barium sulphate can only be obtained in a suitable 


* Jour. Soc. Chem. Ind., aS, 403 (1909), 

• Sowtes: Parben Ztg., 18, 1117-9 (1913). 
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condition when it is precipitated with the zinc sulphide. In 
this way an intimate mixture is obtained, the barium sulphate 
adsmbing probably the zinc sulphide. 

Heating the barium sulphate-zinc sulphide precipitate 
affects its physical condition in a number of ways. In the 
first place, the zinc sulphide as precipitated from solution is 
highly hydrated. The composition of the precipitated zinc 
sulphide according to A. Souchay* is as follows: 


at room temperature 
at ioo° 
at 150° 


When dried 


aZnS.zHjO 

aZnS.HsO 

4ZnS.H20 


Heating dehydrates the zinc sulphide. Hydrated zinc sul¬ 
phide tends to work smeary on grinding. The effect of heat 
on the zinc sulphide is very similar to that obtained by Famau* 
on chilling the zinc sulphide to a very low temperatxu-e. The 
zinc sulphide becomes brittle and capable of being crushed to 
a very fine powder. A denser substance is also obtained, 
thereby increasing the body of the pigment. 

The great danger in heating the zinc sulphide is that the 
zinc sulphide is easily oxidized to zinc oxide. A slight oxida¬ 
tion cannot be avoided even in a most favorable atmosphere. 
This oxidation not only decreases the yield of the pigment but 
hirrts the body of the pigment as well. According to a recent 
paragraph, Zerr* says: 

“Lithopone manufacturers decided tbat by technically 
pme lithopone is understood one that contains besides the 
barium sulphate and zinc sulphide not more than one percent 
zinc oxide.” A higher content of zinc oxide is to be objected 
to since it is shown by experiment that the higher the zinc oxide 
content the less stable is the lithopone to weather conditions. 


^ Zeit anal. Chem., 7, 78 (1868). 

* Jour. Phys. Chem., 17, 639 (1903), 
’ Farben Ztg., 17, 1381 (1912). 
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W. HurschelP says that "the ground material barium sul¬ 
phate cannot be substituted for the precipitated barium sul¬ 
phate since it has other properties. On the other hand, the 
addition of zinc oxide helps to prevent the yellowing of the 
oil in dark moist rooms.” 

It is doubtless true that zinc oxide hurts the body of the 
pigments somewhat, but of all additions to prevent darkening 
it is the least harmful and adds other good qualities to the 
lithopone. In a communication to us Mr. H. A. Gardner 
states that the addition of zinc oxide and whiting improves 
the weathering qualities of lithopone. Mr. Gardner’s experi¬ 
ments were made on two-foot boards and have never been 
tried out on a large scale. We have been told by others that 
up to now lithopone is not suitable for exterior paint purposes, 
even when admixed with other materials. 

There is also a tendency for an overheated pigment to 
have a yellowish tinge. This yellow color is due to the zinc 
oxide film as was shown by Famau.- 

“ These observations shed light on another set of phenom¬ 
ena, the change of color of oxides when hot and cold. When 
zinc oxide is heated in a matrass in the Bunsen flame, it be¬ 
comes yellow; but returns to its original color when cold. 
Bismuth oxide and stannic oxide similarly treated, become 
darker when hot and lighter in color when brought back 
to room temperature, but do not become white again. Cool¬ 
ing the heated oxides causes disintegration of the coalesced 
particles and in their original state of fine subdivision, the 
masses show more or less their original color. This dis¬ 
integration is not complete in the case of bismuth and stannic 
oxide. 

"An experiment was made by heating the surface of zinc 
oxide contained in a crucible with the point of an oxyhydrogen 
flame. A good deal of volatilization occurred. On cooling, 
the mass of material regained its original color, but that which 


* Farben Ztg., 17, 159* (1912). 

• Farnau: Jour. Phys. Chem., 17,639 (1913). 
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sintered together by immediate contact with the flsnne re¬ 
mained yellow. It was still 5^1ow after several months.” 

The only apparent reason for quenching in water is to 
prevent too much oxidation. Red-hot zinc sulphide exposed 
to the air oxidizes very readily. It was found by us that hot 
zinc sulphide does not oxidize in an atmosphere of carbon 
dioxide. 

Lithopone has one peculiar property, that of turning 
gray in the sunlight and becoming white again in the dark. 
Toch says:* “Under normal circumstances if lithopone be 
mixed with any vehicle containing linseed oil or varnish and 
exposed to the sunlight, it turns gray very readily, and if 
again placed in the dark it returns to its normal white color.” 

There is frequent mention in the literature of this strange 
phenomenon and although the darkening of lithopone was 
observed at least thirty years ago, no satisfactory explanation 
of it has been offered up to the present. As Ostwald says: 
“It is still a riddle.” 

The earliest work done on the darkening of lithopone is 
that of Dr. Phipson.* Phipson made a number of observa¬ 
tions but could advance no satisfactory explanation for the 
facts observed. Dr. Phipson observed that a gate post painted 
white with lithopone turned black in the sunlight and became 
white again in the dark. 

“I found that when this white powder [lithopone] was 
spread upon a piece of paper and exposed to the direct rays 
of the sxm, it became fawn colored, brown, and finally a dark 
slate color in the coiu'se of about twenty minutes. When 
in this state it was placed in darkness, it became white again 
in two and a half to three hours time.” 

He first thought the color was due to barium sulphide. 
“The phenomenon was doubtless due to the use of sulphide 
of barium in the preparation of the pigment; for specimens 
made by another process in which no sulphide of barium was 

^ Toch: "Chemistry and Technology of Mixed Paints/^ 28. 

* Phipson: Chem. News, 43, 283; 44, 83 (1881). 
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used, did not show it at all.” It then occurred to him that it 
might be silver. 

“Of course these phenomena could not be due to any 
compotmds of silver; nevertheless specimens were tested for 
silver, and with great care, but without the slightest result.” 

Finally he suggested the existence of a new element which 
he called actinium. 

“It was hinted that I was dealing with a new element 
(to be called actinium) but continuation of my experiments 
led me to believe that the phenomenon described above may 
be probably due to the presence of sulphide of barium and 
protoxide of iron in the specimens rather than to some unknown 
metal. 

“I observed that the dark slate-colored product was im¬ 
mediately soluble in cold acetic acid (as sulphide of iron is); 
and if the dark color be due to the production of sulphides of 
iron, the return of the pigment to its original white tint when 
placed in darkness for some hours, may be owing to the gradual 
oxidation of this sulphide of iron and consequent disappear¬ 
ance of the dark color. 

“I found also that a strong calcination with free access 
of air, destroys, or considerably hinders the production of 
the actinic phenomena. I have also observed that although 
this pigment will retain this property of darkening in the sim- 
light for more than a year, some specimens have lost this 
property in a few months; and the gate post painted white 
after darkening, in the manner above mentioned, for the space 
of several days, will at last remain white.” 

In another article Phipson* draws the following conclu¬ 
sions: 

I. The phenomenon the [blackening] is due to a reduction 
which when the substance is removed to the dark becomes an 
oxidation and the pigment is restored to its original whiteness. 

a, Pyrogallic add fadlitates the reduction. 

3. The dark product is soluble in acetic add, which allows 
it to be separated from the zinc sulphide. 

‘ Phipson: Chem. News, 44, 73 (i88t). 
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4. The original white pigment allowed to remain for two 
ni^ts and days in a large excess of acetic acid does not, previous 
to the action of light, dissolve the substance which is affected 
by this action (and this points to sulphide of zinc itself as being 
the substance affected). 

“The constant minute quantities of iron in the numerous 
samples of these white pigments which I have examined led 
me to believe that the dark slate-colored product obtained by 
exposure to sunlight was owing to the production of the sul¬ 
phide of iron, or to som? compound sulphide of iron, zinc, and 
barium as mentioned in my first note. In order to decide 
this point, if possible, I took a specimen of the pigment which 
contained very little iron, and by exposing it over and over 
again to the alternate action of sunlight (reduction) and the 
darkness (oxidation)—^renewing the surface after each experi¬ 
ment—I hoped to oxidize the iron completely, so that a moment 
would arrive when the pigment would.no longer darken on 
exposure to the light. But, although the experiment was 
continued on a very thin layer, the newly exposed surface 
continued to darken as at first. It appears probable that the 
minute quantities of iron present are not the cause of the 
phenomenon.” 

Mr. Cawley also made many observations on the darkening 
of lithopone which appear in three papers,^ two in 1881 and 
the third,® ten years later. The writer did not discover this 
paper, hidden under the title, “The Curious Behavior of Cer¬ 
tain Zinc Compounds,” until after we had duplicated many of 
Mr. Cawley’s results independently. These results will not 
be given with Mr. Cawley’s since they will be discussed more 
in detail later. 

While Mr. Cawley made many observations, he could 
advance no satisfactory explanation for the facts observed. 
Mr. Cawley studied the darkening of lithopone and has the 
following to say about it: 


^ Chem. News, 44, 51, 167 (1881). 
* Ibid., 631 88 (1891). 
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“In general, however, it [lithopone] is subject to the grave 
defect of darkening when exposed to the sunlight, the darken¬ 
ing apparently being due not only to light but also dependent 
on the conditions of the atmosphere in respect to moisture con¬ 
tent, etc. I have prepared pigments so sensitive as to be turned 
almost black when exposed to the sunlight for one or two min¬ 
utes. A curious thing to be noted in this connection is that 
the darkened pigment will completely regain its whiteness 
when placed in the dark for a few hours, and when so bleached 
it appears to be somewhat less sensitive than it was .originally. 
It would be a long story to go into all the details of experi¬ 
ments made by me in connection with this matter. I will, 
therefore, content myself by giving a brief account of the more 
important observations, interpolating here and there remarks 
of an explanatory character. 

“i. The dried hydrated zinc sulphide before ignition is 
not altered by exposure to light, after ignition it darkens 
readily. 

“2. The white stand purest zinc blend obtainable was 
levigated and exposed to the light. No darkening was ob¬ 
served but the same blend, calcined so as to be slightly oxidized, 
was readily darkened. 

“3. Zinc sulphide was prepared in a very finely ground 
condition and free from hydration by burning zinc in an at¬ 
mosphere of sulphur vapor and collecting the product in a 
chamber, the temperature of which was high enough to pre¬ 
vent the condensation of the sulphur. The sulphide was un¬ 
changed by light but like the blend darkened readily after 
slight calcination. In connection with the observations 
above named, I may say, I had been struck by the resemblance 
which the color developed in the pigment by light bore to 
that of finely divided metal deposited from certain metallic 
solutions. I found, too, as might have been expected, that 
in the heating of hydrated zinc compounds, when air is ex¬ 
cluded, oxidized zinc compounds are always formed, and 
in this way the idea was suggested to me that light might 
be able, under certain conditions, to effect the reactions which 
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it is well known heat does. These reactions may be expressed 
by the equations 

ZnS + 2ZnO = + SO* 

ZnS + ZnS04 = 2Zn + 2S0j. 

According to this hypothesis the darkening is due to the 
formation of a film of metallic zinc, which, owing to its finely 
divided condition would readily oxidize in the absence of light; 
the bleached pigment would therefore be less sensitive than 
it was originally, as it would be protected somewhat by a film 
of non-sensitive zinc oxide. This theory explained easily 
all the observed facts for a time but was afterwards found to 
be untenable. 

“4. Noting that the pigment moistened with water was 
more sensitive than when in a dry condition, a sample was 
dried at 120° C and while warm was placed in a glass tube 
which was sealed before the blow pipe. Result—^no discolor- 
ization after one year’s exposure. 

“An attempt was made to apply this observation by thor¬ 
oughly drying the pigment immediately before grinding in 
linseed oil, the latter being as free from water as possible, the 
idea being that the oil would exercise a protective effect similar 
to that of a sealed tube. Result—^not satisfactory. 

“5. Taking a sample of pigment not very sensitive, per se, 
it was noted that its sensitiveness was greatly increased by 
moistening it with a weak solution of zinc sulphate, from which 
it was inferred that the sensitiveness might be due to im¬ 
perfect washing. The most thorough washing, however, 
would not remove the basic sulphate formed in the process 
of ignition. Attempts were made to decompose this basic 
sulphate into zinc oxide and aji inert sulphate by treating the 
pigment with solutions of the hydrates of potassium, barium, 
sodium, and calcium; the first three were rejected as they ap¬ 
peared to act on the zinc sulphide itself. Lime water exer¬ 
cised for a short time a decidedly protective effect. After¬ 
ward it* seemed to lose its power of making the pigment per¬ 
manent to light. 

“The best results were obtained by mixing with the zinc 
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sulphide about one percent of freshly precipitated magnesium 
hydroxide. The resulting pigment was fairly resistant to 
light but the presence of magnesium somewhat impaired its 
general qualities.” 

This is the extent of the research done on this problem 
that can be found in the literature. There are a good many 
patents published; the principal ones will be discussed later 
in the paper. The following is the experimental part done by 
us. 

Experimental Part 

The conditions most satisfactory for the blackening of the 
lithopone were first studied. 

It was known that certain salts such as sodium chloride, 
zinc sulphate, etc., accelerated the blackening. Accordingly 
mixtures were made of a sample of lithopone that would darken 
with varying amounts of the different salts, ground with the 
same quantity of water. These were exposed on microscopic 
slides first to the action of the sun rays. 

• Lithopone plus 





Percent 



NaCl 

I 

10 

20 

30 

40 

50 

ZnS04 

I 

10 i 

20 

30 

40 

50 

ZnCh 

I 

10 

1 20 

30 

40 

50 

CdS04 

I 

10 

1 20 

30 

40 

50 


All the above salts accelerated the blackening. While 
the final intensity of darkening was the same in each case, 
the rate of darkening was different and there was an optimum 
percent of salt for the rate of darkening in each case. For 
example, it was found, keeping all the conditions the same, 
that a mixture of thirty percent zinc sulphate with seventy 
percent lithopone darkened more quickly than ten percent 
zinc sulphate with ninety percent lithopone. 

The effect of acid and alkali on the rate of darkening was 
next observed. A mixture of thirty percent of zinc sulphate 
and seventy percent of lithopone was made into a thin paste 
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as before and a little sulphuric add added drop-wise to a very 
f ai nt aridity. In the same way sodium hydroxide was added 
drop-wise to a portion of the same mixture till faintly alka¬ 
line. Portions of the two samples thus prepared were then 
rubbed on the glass slides and exposed. It was found that 
add or alkali rather hindered the darkening, and that the dark¬ 
ening took place best in a neutral medium. Finally it was 
found that all salts which formed soluble zinc salts accelerated 
the darkening, while salts which formed insoluble zinc salts, 
such as the alkali phosphates, ferrocyanides, borates, cyanides, 
or bicarbonates stopped or retarded greatly the darkening. 
A discussion of these results will be taken up later. 

The effect of moisture on the darkening of the lithopone 
was next studied. The results obtained agreed with Mr. 
Cawley’s results already given. A piece of paper, covered 
with a moist suspension of lithopone was put into a quartz 
glass flask, which was then evacuated, sealed, and exposed 
to the rays of a large Macbeth printing lamp. The black¬ 
ening took place more quickly than in air. This is probably 
due to the fact that moisture does not escape when the flask 
is sealed while it tends to evaporate'in the air, the presence of 
moisture greatly aiding the darkening. On the other hand, 
a piece of paper prepared as above but dried in an air bath 
was exposed in a dry, evacuated quartz flask. No change was 
observed. This proves that moisture is necessary for the 
darkening. 

It was also foimd that the lithopone darkened more readily 
in a moist hydrogen atmosphere or any atmosphere free from 
oxygen. The blackened lithopone did not become white again 
on being put into a flask which was then evacuated. 

The reason for this is that the change from the black to 
the white color is evidently an oxidation and not a reversible 
reaction. Blackened samples of lithopone on paper were 
treated with a dilute solution of hydrogen peroxide. The 
blackened surface whitened immediately. The same effect 
was obtained when strips 6f paper, covered with lithopone and 
darkriied, were held in an atmosphere of ozone. 
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The ideal conditions found for making the lithopone 
most sensitive were an addition of thirty percent zinc sulphate 
to ithe lithopone which was then made up to a thin paste and 
exposed in an atmosphere of moist hydrogen. The atmos¬ 
phere of moist hydrogen was secured by using a large test 
tube of Uviol glass and closing it with a two-hole rubber stopper 
through which the moist hydrogen gas was passed by means 
of a glass tube reaching up into the inverted tube. The 
thin paste of lithopone and zinc sulphate was applied to the 
glass slide by means of a spatula and rubbed to form a thin 
film. The glass slide was then put into the Uviol tube and 
partly exposed. The nature of the surface had also an effect 
on the reaction. It was found that the reaction went faster 
on roughened glass than on paper, wood, or smooth glass. 

The source of light in all these experiments was a Macbeth 
printing lamp. This lamp is run on a i lo-volt circuit and re¬ 
quires about 25 amperes. The carbon rods arc cored and 
filled with a special composition which gives, on burning, a 
very powerful light rich in the shorter wave lengths. The 
light is quite steady, the current being automatically controlled 
by means of a coil and plunger which regulates the distance 
between the burning ends of the carbon rods. A reflector 
of aluminum throws the light forward in one direction. This 
light is more satisfactory for most purposes than sunshine. 

Om first thought was that the black product was iron 
sulphide. Hydrogen sulphide, formed by the decomposition 
of the zinc sulphide by light and moisture according to the 
reaction 

ZnS -I- H 2 O -f light = ZnO + H 2 S. 

might react with iron salts in the lithopone forming the 
black ferrous sulphide. The ferrous sulphide in a very thin 
film wotdd be oxidized to the light yellow ferric salt, account¬ 
ing for the disappearance of the black color. 

Lithopone made from chemically pme reagents was 
analyzed for iron by the colorimetric sulphocyanate method. 
Result—only a slight trace was found, that is, less than 0.001 
percent. This lithopone darkened when exposed to light. 
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The black film could be removed by dipping the blackened 
lithopone carefully into water; the black film would float 
usually on top of the water, leaving a new surface benes^th, 
which darkened as before. This could be repeated as often 
as desired. We' concluded that it was unreasonable to be¬ 
lieve that a mere trace of iron could cause all this darkening. 
This confirms Dr. Phipson’s and Mr. Cawley’s work. 

Phipson* says that “the darkening was not due to iron 
as he first supposed or to other impurities such as one would 
most likely find in zinc salts such as cadmium, lead, arsenic, 
silver, bismuth, etc.’’ John B. Orr* states that if the pig¬ 
ment is properly made it does not contain iron, lead, 
arsenic, or manganese, and yet insolation produces this bluish 
coloration unless means be taken to prevent it. Having 
excluded the possibility of ferrous sulphide, the next step in 
the experimental work was to find out what the black product 
was. We could form no theory to fit in with the facts observed 
until we had definitely decided on what the black product 
was. 

This problem offered many difficulties. One trouble in 
testing the black film was due to its extreme sensibility to 
reagents. It oxidized very readily in the air when isolated 
in any quantity. It also disappeared very quickly in water. 
It was very soluble in acetic add and soluble in most salt" 
solutions such as sodium chloride, sodium sulphate. It was 
quite stable in carbon bisulphide. This behavior could be 
explained by the fact that we were dealing with metallic zinc 
in a very fine state of division. 

Microscopic tests were first tried. The fact that other 
zinc salts were present besides the metallic zinc eliminated 
the ordinary microscopic tests. Attempts were first made 
to spread a film of gelatine over the blackened surface and to 
allow a dilute solution of hydrochloric add to diffuse in. 
The acid would act slowly on the zinc sulphide as well as the 

> Phipsan: Chem. News, 44 , 73 (1881). 

I'Orr: Ibid., 44,13 (1881). 
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metalHc zinc if present, causing a slow evolution of hydrogen 
sulphide and hydrogen gas. Hydrogen sulphide is to a great 
extent soluble in gelatine whereas hydrogen is not and could 
be observed, if present, as minute bubbles of gas under the 
microscope. 

Glass slides were, therefore, covered with a sensitive 
sample of lithopone and blackened quickly in a moist atmos¬ 
phere of hydrogen, in this way avoiding as much as possible 
an oxide film on the blackened product. The slide with the 
blackened product and one unblackened were then covered 
with a film of gelatine. A large drop of dilute acid was placed 
on each slide and allowed to diffuse in. The test was not satis¬ 
factory, the gelatine did not adsorb entirely the hydrogen 
sulphide evolved and there were always observed on the blank 
some bubbles of gas; probably due to carbonates. On the 
other hand, there was a greater evolution of gas from the 
blackened product. 

Electrol3rtic methods were then tried in the hope that if 
metallic zinc were present, metallic lead or copper would be 
thrown out of the solutions of these salts. It is well known 
that when metallic lead is thrown out of solution, it tends to 
form characteristic lead trees. Solutions of lead and copper 
of varying concentrations were, therefore, tried, and while 
the black product immediately dissolved in the solution of 
these salts, no trace of lead trees or metallic copper could be 
identified under the microscope. This could be accounted 
for by the fact that the black film is very thin and contains 
but a small amount of zinc, not sufficient in quantity to throw 
out the copper or lead. 

There are a large number of reactions that show a color 
change in the presence of a reducing agent. A dilute solutibn 
of iodine colored blue with starch was found to be unsatisfactory 
as also was alkaline permanganate. Potassium ferricyanide 
was then tned. As is well known, potassium ferricyanide 
in the presence of a ferrous salt gives Prussian blue. This 
reaction is very sensitive. 

The solutions used were about a 10 percent solution of 
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fenicyanide, lo percent solution of ammonium acetate and 
about o. 1 percent solution of ferric alum. 

The method of testing for the zinc was as follows: A 
drop of the ferric alum solution and a drop of the potassium 
fenicyanide solution were placed side by side near the object 
to be tested for and then caused to run together. Where the 
ferric alum, the reducing substance, and the potassium ferri- 
cyanide solutions meet, a reduction of the ferric alum takes 
place and a blue color results. 

Trials were first made on mere traces of zinc, such as light 
lines of zinc made by rubbing a piece of metallic zinc over 
some barium sulphate paper. With traces of zinc as small 
as these, the test worked beautifully. On trying it out on 
the blackened lithopone, however, the zinc sulphide present 
interfered, the hydrogen sulphide caused by the action on the 
zinc sulphide of the free acid present in the ferric alum, due to 
hydrolysis, also reduced the ferric alum. This was overcome 
to a great extent by adding ammonium acetate to the ferric 
alum, a large part of the free acid of the ferric alum being 
neutralized. 

By adjusting carefully the amount of ammonium acetate 
added to the ferric alum, comparable results could be obtained. 

In conducting the tests, one glass slide was covered with 
a sample of lithopone which was very sensitive to light. It 
was blackened by exposure to light. Another slide was covered 
with an undarkened sample of the same lithopone and then 
covered with a thin film of zinc dust, made by buflSng a piece 
of metalhc zinc on a carborundum wheel and catching the 
fine zinc dust on the slide covered with moist lithopone. In 
this way a very sensitive zinc dust could be obtained and one 
less liable to be covered with an oxide film. Another slide 
was taken and covered with the lithopone alone. The three 
slides, side by side, were tested as described above. The 
slide, covered with fine metallic zinc, acted instantly, as did 
the black product, giving the blue color, while the blue color 
appeared on the lithopone slide only after several minutes. 
While these tests do not prove that we have metallic zinc, 
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since an unknown subsulphide of zinc may be present, all the 
facts point clearly to the formation of a film of very finely 
divided metallic zinc. The substance oxidizes readily, is 
extremely soluble in acetic acid, dissolves in solutions of sodium 
chloride, or sodium sulphate, is extremely soluble in alkalies, 
and is not soluble in carbon bisulphide. 

That it is a direct product of the action of light on the zinc 
sulphide is shown by the fact that if the lithopone is shaken 
in acetic acid for some time and then washed and exposed, 
the blackening takes place as before, the black product, how¬ 
ever, is quickly dissolved in acetic acid, showing that the ac¬ 
tion of light gave rise to a product soluble in acetic acid. 

The reaction was studied under the microscope. A slide 
was covered with lithopone and exposed while under the micro¬ 
scope to the light of the arc lamp by directing a beam of light 
from the arc through a small opening in an asbestos board 
onto the slide. It was observed that the darkening took place 
in spots. A bubble of gas formed and then on the side of the 
bubble a black spot would appear, growing larger. 

Cadmium sulphate acted in two ways when mixed with 
lithopone. In the air it accelerated the blackening; in a 
hydrogen atmosphere the blackening was also accelerated but 
some cadmium sulphide was also formed, the black showing 
a yellow tinge. Cadmium sulphide oxidizes very readily 
in the air and is probably oxidized as quickly as it is formed. 
In hydrogen this is not the case. 

It was thought that perhaps cadmium sulphate hydrolyzed 
slightly, the free acid acting on the zinc sulphide setting free 
hydrogen sulphide. This was found not to be the case, a 
paper saturated with a solution of cadmium sulphate, placed 
near the exposed slide covered with lithopone, but not in direct 
contact with it, turned yellow, showing that the zinc sulphide 
in the presence of moisture in a hydrogen atmosphere is de¬ 
composed, one of the products being hydrogen sulphide. 
This is analogous to the action of magnesium sulphide on water. 

MgS + 2 H ,0 « Mg(OH), + US. 
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The finer the lithopone is, the more easily should it 
be reduced, as there would be a greater surface exposed; That 
this is so was shown to be the case. Three samples of lithopone, 
one that was quite sensitive to Ught, one only sHghtly so, 
and one not at all, were found to show, under the microscope, 
appreciable difference in the size of the particles. The one 
most sensitive to light was found to be the finest grained. 
Measurements of the size of the particles under the micro¬ 
scope could only be approximate since the average size was 
found to be less than o.or of a micron in diameter, a value too 
small for the ordinary microscope to handle accurately. 

The sensitiveness of the zinc sulphide to light was thought 
to be due to the fact that it was carried down in a very fine 
condition by barium sulphate. Barium sulphate and zinc sul¬ 
phide were precipitated in molecular proportions according to 
the equation 

BaS -f" ZnS04 = BaS04 -)- ZnS. 

The barium sulphate-zinc sulphide precipitate was filtered, 
washed, and dried at about 100° C. This was then subjected 
to the following treatment: the barium sulphate-zinc sulphide 
precipitate was ground with zinc sulphate to a very fine powder, 
moistened, and exposed on glass slides to the light of the arc 
lamp. After three hours’ exposure, no darkening was ob¬ 
served. 

It was then thought that barium sulphate did not adsorb 
the zinc sulphide as efficiently as other substances, for example, 
aluminum hydroxide. Aluminum sulphate and zinc sulphate 
were mixed together and ammorumn sulphide was added. 
A precipitate of zinc sulphide and aluminum hydroxide was 
obtained. This precipitate was washed, dried, and tested 
as the barium sulphate-zinc sulphide was, with no darkening 
taking place. 

A colloidal solution of zinc sulphide was then prepared 
in the following manner: a zinc sulphate solution was poured 
into a solution of sodium hydroxide until the zinc hydroxide 
just barely dissolved. This was then diluted to about ten 
times its volume with water and a rapid stream of hydrogen 
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sulphide passed through till the precipitate just dissolved. 
The colloidal zinc sulphide was then precipitated by adding 
aluminum chloride. In this way a very amorphous precipitate 
of zinc sulphide was obtained. On exposing this precipitate 
to the light with reducing agents and other sensitizing sub¬ 
stances no darkening was obtained. 

Chemically pure zinc sulphide was ground with barium 
sulphate in an agate mortar crusher. As we were unable to 
grind the zinc sulphide at ordinary temperatures, pieces of 
solid carbon dioxide were thrown into the agate mortar 
crusher, chilling the zinc sulphide and making it brittle. We 
were able to grind the zinc sulphide as fine as the sensitive 
lithopone. This zinc sulphide did not darken on exposure to 
light in presence of reducing agents. 

Since we were unable to get zinc sulphide to darken by 
precipitating it in a finely divided condition, or by having it 
adsorbed, or by grinding it to a very fine condition, it was con¬ 
cluded that heat must be necessary for some unknown reason. 

The following possible theories could be advanced as to 
the effect of heat on the barium sulphate-zinc sulphide. 
Since it is known that zinc sulphide melts at about 1440° C 
and in the presence of sodium chloride at a much lower tempera¬ 
ture, it was thought probable that in the reducing atmosphere 
metallic zinc was formed which went into colloidal solution 
in the solid solution of zinc sulphide. The light acted as a 
pectonizing agent as did also the salts which accelerated the 
darkening, such as sodium chloride, zinc sulphate, etc. An¬ 
other possible explanation offered itself in the possibility of 
a metastable compound being formed on heating which broke 
down under the action of light, depositing metallic zinc. 
There was still also the chance that some powerful reducing 
agent might be formed on heating the zinc sulphide-barium 
sulphate precipitate since it is known that reducing agents 
greatly aid the darkening of the lithopone. The presence of 
a powerful reducing agent in the lithopone seemed hardly 
probable since this reducing agent would be oxidized on stand¬ 
ing in the air and moistme. 



134 


W. J. O’Brien 


The barium sulphate-zinc sulphide precipitate prepared 
as described in the previous work was heated in an electric 
tube furnace. An electric tube firmace was used because it 
was thought that atmospheric conditions could be better con¬ 
trolled and the temperature measured if desired. An objec¬ 
tion to the tube furnace, however, was that only a small quan¬ 
tity could be heated at one time so relatively high percentage 
oxidation, as we found out afterwards, could not be prevented. 
This was due to the fact that the small quantity of hot zinc 
sulphide came in intimate contact with the air on pouring it 
from the tube into the water. 

The tube furnace was evacuated and the barium sulphate- 
zinc sulphide precipitate was heated for about half an hoim 
at about 700° C. It was then quenched in cold water, washed, 
dried, ground, and tested under the most favorable conditions 
for darkening. This product would not darken. This sub¬ 
stance on analysis showed 


BaS04 
71.21 


ZnO 

10.00 


ZnS 


18.60 


It was then thought that a certain temperature was most 
favorable for the production of a lithopone that would darken. 
The barium sulphate-zinc sulphide precipitate was then heated 
in the electric tube furnace which was kept well evacuated 
in order to prevent the oxidation of the zinc sulphide at a 
temperature of 500° C. This product on testing showed no 
darkening. Another run was made at 800® C and a product 
was obtained which would not darken. Runs were made 
up to 1400® C under otherwise the same conditions with the 
idea that temperature played an important part in producing 
a lithopone that would darken. In no case was a lithopone 
obtained that would darken. Analyses of the substances ob¬ 
tained showed a high zinc oxide content. 

Preventing excessive oxidation of the zinc sulphide on 
heating, is rather difiScult. Zinc sulphide precipitated from 
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an aqueous solution is always hydrated. A. Souchay’s work 
on this has already been mentioned. This water is held in 
more or less intimate imion with the zinc sulphide and it is 
possible that on heating it goes over to ZnS.xZnO as for 
example: 

2Zn(0H)(SH) + 3O + heat = ZnS.ZnO + 2H2O + vSOj 

Oxidation of the zinc sulphide was prevented by mixing 
intimately in a mortar the barium sulphate-zinc sulphide 
with about five percent of common salt and about one percent 
of ammonium chloride and heating this mixture in a graphite 
crucible, covered tightly with a graphite cover. This mixture 
was heated in a muffle furnace at about 1000° C for about 
ten minutes. In this way a substance was obtained which 
was very sensitive to light. 

The use of the ammonium chloride and the sodium chloride 
is to prevent oxidation. The ammonium chloride volatilizes 
at a low temperature and displaces most of the oxygen. The 
fused sodium chloride dissolves off the zinc oxide film that is 
formed about the zinc sulphide particles, giving a very white, 
fine sample of lithopone which, however, is very sensitive to 
light. 

It was thought advisable to see if under the same condi¬ 
tions lithopone made as pure as possible would darken as much 
as lithopone made from commercial zinc sulphate and barium 
sulphide. Barixun sulphide as pure as possible was obtained 
which contained only traces of impurities. It was dissolved 
in boihng hot water; the solution was allowed to stand until 
clear and then was poured into a .solution of zinc sulphate 
which was also very pure. The precipitate was well washed, 
dried, and heated as described above. A product was obtained 
which darkened just as readily as the lithopone obtained from 
the impure barium sulphide and zinc sulphate. 

Having found that chemically pure lithopone would darken 
it was next sought to find out whether barium sulphate was 
necessary for the darkening. Chemically pure zinc sulphide 
was made by precipitating zinc sulphide from a chemically 
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pure solution of zinc sulphate. This precipitate was washed, 
dried, and ground to a fine powder. It was then ground with 
sodium chloride and heated as described above. The zinc 
sulphide so obtained darkened on exposure. 

Having found an easy way of darkening the zinc sulphide 
alone, it was now sought to find out whether, on sudden cooling, 
a metastable compound was obtained as in the case of glass, 
which under the action of light broke down into metallic zinc. 

By slow cooling it was thought that the formation of the 
metastable phase could be prevented and so a product that 
would not darken be obtained. Some zinc sulphide-barium 
sulphate precipitate was taken and heated to about iooo° C 
and then allowed to cool slowly. This product did not darken 
but analysis gave the following results 


BaSOi 

ZnO 

ZnS 

74.06 

17-93 

8.64 


To prevent excessive oxidation, another sample was run 
as before, but instead of allowing it to cool in air, it was cooled 
in an atmosphere of carbon dioxide. This product gave on 
analysis 


BaS04 

ZnO 


ZnS 

69.49 

2.76 


27.74 


and did darken. 

The rate of cooling was now decreased with the idea that 
perhaps the cooling in the air was quick enough to carry the 
substance over to the metastable condition. Some more 
of the unheated barium sulphate-zinc sulphide precipitate 
was then heated in a quartz tube which was kept continually 
filled with carbon dioxide by means of a Kipp generator. 
The product was brought to a temperature of about 1000® C 
and then allowed to cool slowly for three hours. The product 
on anal3rsis showed a low oxide content and darkened. 
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The presence of some slightly soluble, though powerful 
reducing agent in the heated zinc sulphide-barium sulphate 
precipitate now occurred to us. , On the face of it, this seemed 
improbable, as it is hard to see how a reducing agent could 
exist in lithopone without undergoing oxidation. On the other 
hand, it was shown that reducing agents greatly accelerate the 
darkening. 

Tests were made for the presence of the reducing agent 
in the lithopone as follows: A very dilute solution of iodine 
was colored blue with starch; Zinc sulphide and barium sul¬ 
phate were ground together in the proportions found in the 
lithopone that would darken. Uniform suspensions were then, 
made by shaking equal weights of the barium sulphate-zinc 
sulphide and the lithopone in the same quantity of water and 
adding to each the same quantity of solution of iodine. De- 
colorization took place immediately with both samples. 

A very dilute solution of alkaline permanganate was then 
tried; the lithopone seemed to act even more slowly on this 
solution than the barium sulphate-zinc sulphide, proving that 
there was no strong reducing agent formed by heating the 
lithopone. 

Up to now we could obtain no satisfactory theory that 
would explain all the facts observed. Repeated analyses of 
many samples of lithopone which would darken and which 
would not, show a marked .difference in their zinc oxide con¬ 
tent. Below are some of the analyses of samples that would 
and would not darken. 



Would darken 

Would not darken 

BaSO, 

ZnO 

ZnS 

BaS 04 

ZnO 

ZnS 

69.50 

2.49 

27-34 

— 

403 

21.15 

69.61 

1.86 

28.15 

67-57 

3-74 

28.61 

69.74 

0.98 

29.66 

71.06 

5.82 

22.72 

71.41 

1.51 

26.45 

74.06 

7.24 

19.62 




74.06 

8.64 

17.93 


In no case did we get a sample that would darken, as made 
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by us, whose oxide content ran much above 3 percent zinc oxide. 
The analyses were conducted as directed by Holley.* 

It seemed evident then that we were dealing with a pro¬ 
tective film of zinc oxide over the zinc sulphide, preventing its 
decomposition by light and moisture. If this were so, we should 
be able to remove the zinc oxide film from the zinc sulphide 
by boiling in an aqueous solution of zinc chloride, as it is known 
that zinc chloride dissolves zinc oxide. The zinc sulphide 
should then darken in the light even though it had not been 
heated. 

Concentrated solutions of zinc chloride and sodium chlor¬ 
ide were added to separate portions of chemically pure zinc 
sulphide in Erlenmeyer flasks, provided with return condensers 
and were boiled for some time. The zinc sulphide was orig¬ 
inally slightly yellow but a beautiful white zinc sulphide re¬ 
sulted on boiling, showing that most of the zinc oxide fil m 
had dissolved. This zinc sulphide, well washed, was then 
mixed with a little sodium hydrosulphite and exposed in a 
moist hydrogen atmosphere to the light. It darkened readily. 

We were unable to get zinc sulphide to darken without 
the use of a reducing agent. The reduction of the zinc sul¬ 
phide in lithopone is probably helped greatly by the presence 
of barium sulphate which adsorbs zinc sulphide and the metallic 
zinc, since barium sulphate is known to adsorb gold. This 
was shown by Antony and Lucchesi,** “Further, if barium sul¬ 
phate and merctu-ous chloride are suspended in water, and ex¬ 
cess of auric chloride then added, the barium sulphate takes 
up the gold and becomes the color of purple of Cassius.” 

Barium sulphate, and zinc sulphide were precipitated to¬ 
gether in the usual way, washed, dried, and ground. Ex¬ 
posure of the barium sulphate-zinc sulphide had no effect 
even with reducing agents. The barium sulphate-zinc sulphide 
was then boiled for a considerable time in concentrated zinc 
chloride solution. It was then washed a number of times by 

1 Holley: ‘'Analyses of Paint and Varnish Products/" 123. 

* Antony and Lucchesi; Jour. Chem. Soc., 73 II, 43 (1897). 
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decantation and dried in air. 'fhe precipitate was then ground 
very fine and exposed. After some exposure, darkening oc¬ 
curred as we had expected, without the use of a reducing ma¬ 
terial. A solution of sodium chloride was found to work the 
same way as zinc chloride in dissolving off the zinc oxide film 
but not so energetically. 

The presence of a zinc oxide film over the zinc sulphide 
explains the behavior of zinc sulphate, zinc chloride, sodium 
chloride, and reducing agents in accelerating the darkening of 
the lithopone. They dissolve the oxide film away from the 
zinc sulphide as fast as it is formed, leaving always a sensitive 
zinc sulphide. The use of sodium chloride in heating the zinc 
sulphide in order to get a substance that will darken is also ex¬ 
plained. Fused sodium chloride is a good solvent for zinc 
oxide. 

This explanation is borne out by the many patents 
that have appeared in the literature on this subject. Rudolf 
Alberti,’ in a patent for making lithopone more stable, uses 
barium peroxide, hydrogen peroxide, and sodium peroxide. 
“Ba02.H202, Na202 are used to oxidize the black material 
which blackens in the light. This material is converted to 
a higher oxide and is permanent to light.” 

The black material that Alberti has in mind does not 
exist. He is simply oxidizing the zinc sulphide, forming a 
protective layer over the zinc sulphide and so making it 
stable to light. 

R. Steinau,® in making a light and weatherproof Hthopone, 
has the following to say: “The darkening of lithopone is 
due to the presence of zinc and cadmium chlorides. A light¬ 
proof lithopone can, therefore, be obtained if one uses a chlorine 
and oxygen adsorbing salt.” He uses zinc carbonate or mag¬ 
nesium carbonate with alkali nitrite. 

Mr. Steinau probably mixed some cadmium and zinc 
chloride with lithopone and found that they accelerated the 


‘ Alberti: Centralblatt, 1906, II, 651. 
* Steinau: Ibid., 1908, 1 , 1593. 
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darkening, as we found. He, therefore, concludes that they 
are the cause of the darkening of lithopone. Just what he 
means by a chlorine or oxygen adsorbing salt is not quite 
dear. He probably means a redudng salt. One would hardly 
see the need of that as there is no free chlorine present. His 
patent is probably somewhat effident because he gets an in¬ 
soluble film of zinc carbonate formed. There is doubtless 
a small quantity of soluble zinc salts always hdd by the zinc 
sulphide-barium sulphate predpitate which in the presence of 
some soluble carbonate would form a film over the zinc sul¬ 
phide. 

Cawley* makes lithopone fairly resistant to Ught by mix¬ 
ing one-half to one percent of freshly predpitated magnesium 
hydroxide. Mr. Cawley found that the presence of the mag¬ 
nesia somewhat impaired the qualities of the lithopone. The 
magnesium hydroxide forms a film over the zinc sulphide as 
before. 

W. Ostwald® daims that lithopone can be made stable 
to light if one washes the product with non-add water solution 
of such salts as soda, potash, or alkali phosphates, borates, 
cyanides, bicarbonates, ferrocyanides, sulphides, sulphydrides, 
and hydroxides. 

It is evident that Ostwald has picked out nearly all the 
soluble salts that form insoluble zinc salts. The significance 
of this is that an insoluble zinc salt is formed around the zinc 
sulphide which protects the zinc sulphide from the action of 
light. For example, he found alkali phosphates to work well. 
The sUght traces of soluble zinc salts combined with the phos¬ 
phate, forming zinc phosphate which, as we all know, is in¬ 
soluble. 

Allendorf® does the same thing when he mixes with the 
lithopone, after heating, soap solutions of the earth metals 
or aluminum. In the United States patent 883,142, P. T, ,ihtnp 
oxidizes the zinc sulphide with some soluble nitrate. 

' Cawley: Cbem. News, 63, 88 {1891). 

* Ostwald: Centralblatt, 1908 II, 1707. 

* AUendorf: Ibid., 1909 I, 116. 
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“A soluble nitrate is added to the product heated in a 
muffle furnace, ►corresponding to the reacting or darkening 
products.” 

How he knows what the darkening products are and how 
much soluble nitrate to add is beyond the most lively imagina¬ 
tion. 

Bayer and Company,* make lithopone stable to light by 
subjecting the finely divided lithopone, in suspension in the 
anode chamber in water containing suffidenl electrolyte, to 
the electric current. 

W. Erase- makes light-proof lithopone by adding to the 
moist or dry lithopone 0.5 percent potassium nitrate. 

W. Ostwald® claims to make lithopone stable to light 
by burning and cooling in absence of oxygen. The air is 
completely removed and an indifferent gas passed in. 

Ostwald probably bums the hydrated zinc sulphide 
so that it oxidizes according to this equation 

2Zn(SH)(OH) + heat = ZnS + ZnO -f H2O, 

the zinc oxide forming around the zinc sulphide. 

There are a number of other patents which embody the 
same idea, an insoluble film over the zinc sulphide. 

The objection to all these applications, for preventing 
the darkening of lithopone, is that they hurt the good qualities 
of the lithopone. The presence of an alkali salt is bound 
to cause trouble sooner or later with the oil. Alkalies also 
cause the lithopone to turn yellow when mixed with the oil. 

To prevent the darkening of lithopone a coating over the 
zinc sulphide is necessary. This hurts the strength and 
covering properties of the lithopone, however, and a choice 
should be made of an additive substance that affects the quality 
of the lithopone the least and which adds some good qualities. 
In this laboratory we were able to obtain a lithopone of good 
quality, that would not darken by controlling the zinc oxide 

‘ Bayer and Company: German Patent, 359,953 (1911). 

‘ Brase: German Patent, 354,291 (Sept. 29, 1909). 

* Ostwald: German Patent, 202,709 (1905). 
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content, that is, by keeping it down below five percent and 
above three percent. 

The advantage of zinc oxide is that it helps to prevent 
the yellowing of Hthopone. 

W. Hurschel^ sa3rs, “On the other hand, the addition of 
zinc oxide helps to prevent the yellowing of the oil in a dark, 
moist room.” 

It was foimd by us that the zinc oxide could be replaced 
by aluminum oxide. It is well known that a soluble aluminum 
salt in the presence of hydrogen sulphide forms aluminum 
hydroxide, a gelatinous precipitate. This precipitate is 
adsorbed by the zinc sulphide. On dehydration, a very inert 
film of aluminum oxide is obtained. 

Grinding Hthopone with five percent flowers of sulphur give.s 
a mixture which is a Httle less sensitive to light. It is probable 
that a more efficient protection could be obtained by precipi¬ 
tating sulphur in a finely divided state on the surface of the 
Hthopone. 

The results of this paper can be summed up as follows: 

1. Quenching in water prevents further oxidation of the 
red hot zinc sulphide. It also disintegrates the semifused 
mass and dissolves out most of the soluble salts. 

2. Heating the barium sulphate-zinc sulphide precipitate 
is necessary to dehydrate the zinc sulphide and to change 
its physical condition, so that it forms a dense mass with good 
body which can be ground more readily. 

3. The yellow color produced on over-heating is due to 
an oxide film as was shown by Famau. 

4. The darkening of Hthopone is not due to impurities 
such as iron, lead, cadmium, etc. 

5. The presence of salts which form soluble zinc salts 
such as sodium chloride, sodium sulphate, etc., accelerates 
the darkening of the Hthopone. These salts dissolve away the 
zinc oxide film. This is similar to the behavior of magnesium 
in water. Magnesium does not decompose water very readily 


‘ Hurscbel: Farben Ztg., 17,1592-3 (1912). 
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at ordinary temperatures. In the presence of magnesium 
chloride, however, the action takes place Augorously. 

6. The presence of salts which form insoluble zinc salts 
such as the alkali phosphates, bicarbonates, ferrocyanides 
and borates, retards or prevents the darkening of Uthopone. 

7. The action of Ught on the zinc sulphide is a reducing 
one, hydrogen sulphide and metallic zinc being formed. 

8. The reaction is not a reversible one, the metallic zinc 
formed is oxidized to the white zinc oxide. 

9. Barium sulphate is not necessary for the darkening of 
the zinc sulphide. 

10. Heating the zinc sulphide is not necessary to get it 
to darken, although heating makes the zinc sulphide more sensi¬ 
tive to light, probably because the reducing atmosphere and 
the sodium chloride used removes the zinc oxide film more 
efficiently. 

11. The zinc oxide film can be removed by boiling in a 
concentrated solution of zinc chloride. The zinc sulphide so 
treated will darken in the presence of a reducing agent. 

12. When barium sulphate is precipitated with the zinc 
sulphide, it aids the darkening due to the fact that it adsorbs 
the zinc sulphide, thereby giving increased surface exposure 
of the zinc sulphide. It probably also adsorbs the metalhc 
zinc. 

13. The zinc sulphide will darken without the presence 
of a reducing agent if it is precipitated with barium sulphate 
and boiled in a concentrated solution of zinc chloride. The 
barium sulphate probably adsorbs metallic zinc as well as zinc 
sulphide, thus making the latter sensitive to light. 

14. The patented processes for the prevention of the dark¬ 
ening of lithopone depend upon the fact that they form an 
insoluble film around the zinc sulphide. 

15. It is impossible to make a lithopone that will not darken 
unless there is a film protection of some kind over the zinc sul¬ 
phide. 

16. We made a lithopone of good quality that would not 
•darken by producing an oxide film on the zinc sulphide and 
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keeping the oxide content above 3 percent and below 5 percent. 
Aluminum oxide can be substituted for zinc oxide. A film (A 
sulphur protects to some extent; no experiments were made to 
determine the maximum efficiency possible. 

In conclusion, the author wishes to acknowledge the kind 
help of the chemical faculty, especially Dr. Bennett. This 
research was suggested by Prof. Bancroft and carried out 
largely under his direction; I wish to express my great ap¬ 
preciation for his kindly advice and criticisms. 

Cornel University 



THE THEORY OF DYEING. V 


BY WILDER D. BANCROFT 

In the preceding papers I have discussed some of the 
characteristics of acid dyes, basic dyes, and mordants. In 
this paper I propose to take up the question of fastness. There 
is very little satisfaction to be obtained on this point from any 
book with which I am acquainted. Knecht, Rawson and 
Loewenthal’ say; “With certain classes of dyed and printed 
materials, fastness to washing is of prime importance, whereas 
with others it is not of much moment. Thus printed calicoes 
which have to be frequently washed (often with soap and 
soda), and the colours in figured woolen goods which are milled 
with soap during the process of manufacture, must necessarily 
be fast to washing. On the other hand, in such goods as 
carpets, furniture coverings, and fine silks this fastness is 
not of great importance. 

“The behaviour of colours in washing varies enormously. 
Some, like the ordinary azo-scarlets and oranges fixed on 
cotton, are stripped by water alone. The direct cotton colours 
dyed on cotton mostly give up a certain amount of colour 
to boiling water, but only up to a certain point, and no more 
can be removed unless fresh water is used. Many colours 
are little affected by boiling water, but are easily affected by 
such as contain free alkali. Some colours, lastly, like aniline 
black, indigo, and other vat dyes, and most of the alizarin 
colours fixed on chromium mordant are fast enough to with¬ 
stand the action of boiling soap. Since the production of 
shades fast to washing generally involves a larger number of 
operations, the use of more costly dye-stuffs, and, consequently, 
greater expense to the dyer, he will, as a rule, employ those 
dye-stuffs and methods which will bring about the desired 
result in the least time and at the smallest cost, and will only 
produce fast shades where they are a requirement of the 
trade, or when specially asked for. 

* A Manual of Dyeing, 2, 747 (1910). 
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“The loss of colour in washing is not the only drawback 
which the dyer has to guard against, especially in dyed yams, 
which are used in figured fabrics. Many colours have the 
disagreeable property, when immersed in water or soap, of 
colouring other yams in the piece, especially the whites. 
Such colours are said to ‘bleed’ or ‘mn’ and their use in any 
fabrics which have to stand washing, other than plain ones, 
must be carefully avoided.” 

Beech’ is more explicit but unfortunately not accurate. 
“The affinity of the basic dyes for wool increases with increase 
of temperature. This is a property that has an important 
bearing on the method of dyeing, and to any person who 
pays some attention to theory in its practical applications it 
indicates the most rational method of working, which is to 
enter the goods into the bath cold, or, at the most, at a hand 
heat, then, after working a short time to get the goods thor¬ 
oughly impregnated with the dye-stuff, to gradually raise 
the temperature to the boil and work for from half an hour 
to an hour longer, even if before this time the dye-bath be 
exhausted. The reason for giving a fair length of time in the 
bath is to get the colour properly fixed on the fibre. The 
combination of the dye-stuff and the fibre is a chemical one, 
and, as stated above, the dye-stuff has to be decomposed so 
that the base may combine with the essential constituent of 
the wool fibre, while it is obvious that this decomposition and 
then the union of the colour base with the wool must take 
time, and as it is effected more easily and completely at the 
boiling point, it is advisable to work the goods in the bath 
so as to fully insure that they are given the necessary time for 
the chemical change to take place.” 

If the bath is completely exhausted by the fiber, washing 
caimot extract enough dye to color the water perceptibly and 
consequently the dyed fabric will be fast to washing with water. 
This is often the case with basic dyes and wool;* but it is more 

^ “The Principles and Practice of Wool Dyeing,” 65 (1902). 

* Beech: “The Principles and Practice of Dyeing,” 65 (1902). 
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diflScult to obtain level dyeing if the bath is to be exhausted 
completely. If the bath is not to be exhausted completely, 
the goods must be removed before dyeing is completed and 
when the shade is that which would be in equilibrium with an 
exhausted bath; or the bath must be so arranged that it has 
a high stripping power and consequently will dye only to the 
shade which is in equilibrium with boiling water. Gans- 
windt' points out that the color is fast to washing when wool 
is dyed in an acid bath from which the color is exhausted slowly 
but very completely, whereas the color is less fast, other things 
being equal, the less completely the bath is exhausted With 
the direct colors on cotton, for instance, the bath is rarely com¬ 
pletely exhausted.* The same thing is true for many acid 
colors dyed on cotton.® “The acid colours, with very few 
exceptions, cannot be fixed on cotton or linen so as to resist 
washing. If precipitated in these fibres as metalhc lakes with 
the aid of salts of aluminum, tin, etc. (similarly to the mordant 
colours), the lakes are decomposed by water and the colour 
is extracted. The soluble blues or cotton blues resist water 
slightly better. Of the other acid colours the Crocein scarlets 
and allied colours only— i. e., the azo-compounds prepared 
by combination of amidoazobenzene or amidoazotoluene with 
betanaphthol sulphonic acid (B.), or the so-called gamma 
acid, or alphanaphthol disulphonic acid (Sch.)—are of some 
importance in cotton dyeing, since they resist light better than 
the benzidine colours and are not sensitive to acids. For 
this reason they are still employed in cotton dyeing in spite 
of their inferior fastness to washing. The acid colours have 
never been used to any large extent in the dyeing of linen, 
but they find application on jute.” In the dyeing of cotton 
with acid colors “the dye-bath is used as concentrated as 
possible to produce full shades; it is never exhausted by the 
cotton. Both the mordant and dye liquors are used con¬ 
tinuously and freshened up regularly. Hie shades which are 

‘ Theorie und Praxis der modemen Ffirberei, 2, 3 (1913). 

‘ Knecbt, Rawson and Loeweuthal: A Manual of Dyeing, i, 6 (1910). 

’ Ibid., 3, 310, 511 (1910). 
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produced by any one of the methods are not fast even to a 
light soaping, but they resist light moderately.” There is 
another factor which is more important in determining the 
fastness and that is the temperature. The natural thing is 
to assume as Beech did that the fiber has a greater affinity 
for the dye at high temperatures. As a matter of fact this 
is not always so. This follows indirectly from a passage by 
Ganswindt.^ 

“With dyes which are taken up rapidly, it is not unusual 
to get uneven dyeing especially if the wool gets into the hotter 
portions of the bath or comes in contact with the hot walls 
of the drum, while other dyes do not show this unpleasant 
characteristic. This leads one to assume that the affinity 
of wool for the dyes, which dye unevenly, increases very rapidly 
with the temperature whereas with the other dyes we must 
assume that the affinity at high temperatures is not appreci¬ 
ably greater than at ordinary temperatures.” Fortunately 
we do not have to rely on this indirect evidence. Mills and 
Rennie^ have shown that the amount of rosaniline acetate 
taken up by wool reaches a maximum at 31° and drops off 
to a low figure at 81 Dreaper* gives some data for the ad¬ 
sorption of certain dyes by wool. The figures in Table I 
are the percentages of the dye left in solution. 



Table I 



Dye 

1 

20° 

40° 

1 

60° 

80° 

100° 

Acid magenta 

i 79 i 

14 

4 1 

4-3 

5-6 

Tartrazine 

46 

3 

I 

I 

0.97 

Indigo carmine 

46 

3 

3-4 

3-5 

6.2 

Acid green 

79 

18 

4 

3-6 

5-2 

Acid violet 4 BW 

44 

26 

20.8 

20.8 

28.7 


This table disposes of the generalization that the adsorp¬ 
tion is greater at higher temperatures. On the other hand, it 

^ Theorie und Praxis der modemen F^berei, 2, 65 (1903). 

* Jour. Soc. Chem. Ind,, 3, 215 (1884). 

* ^'Chemistry and Physics of Dyeing/’ loi (1906), 
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is a general rule to heat the bath after the fabric has been en¬ 
tered. The real object of this is to coagulate or agglomerate 
the d)^e, thus making the dye much less soluble. This is a 
general phenomenon. If soot, intended for lamp-black, is 
heated too hot or too long, it becomes sandy. After short 
ignition silica dissolves in a boiling solution of sodium or po¬ 
tassium carbonate; but after long ignition it does not.* When 
lime has been heated above 1100°, it takes up carbon dioxide 
much more slowly than lime which has only been heated to a 
dull red heat.^ Freshly precipitated arsenic sulphide gives 
off a good deal of hydrogen sulphide when boiled with water. 
If previously heated to 125°, this is not the case.® Hydroxides 
and sulphides on standing or on heating change so that they 
are less readily dissolved or peptonized. Tuppo-Cramer'* 
points out that ‘ ‘ the state of the silver bromide is of fundamental 
importance for the emulsification in gelatine by means of 
bromine ions and the same thing is true for the emulsifica¬ 
tion of ammonia. The silver bromide gel loses its peptonizable 
properties completely just by standing. Samples which had 
stood for one, three, six, ten, and twelve hours in the dark at 
ordinary temperature showed a gradual decrease in the 
tendency to form an emulsion. After twelve hours’ standing, 
no emulsion could be formed at all.” 

Kutschera and Utz® have done some work on the influence 
of steaming on the fastness of color lakes after dyeing. “Hav¬ 
ing frequently made the observation that when dyed patterns 
are dried and steamed, they are faster to soaping than those 
which are not steamed; an explanation of the cause was sought 
for. The observation was made with aniline colours dyed on 
antimony tannate or on catechu grounds, further with aUzarin 
and other colours dyed on aluminum, iron, or chromium mor- 
•dants. The greatest improvement is always noticed when 


^ Rammelsberg; Ber. deutsch. chem. Ges., 5, Joo6 ('1872). 

* Raoult: Comptes rendus, 92, 189 {1881). 

* De Clermont and Frommel: Comptes rendus, 87, 330 (1878). 

* Phot, Correspondenz, 44, 578 (1907); Jour. Phys. Chem., X4| 22 (1910)* 
‘ Jotu*. Soc. Chem. Ind., 5, 532 (1886). 
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the dye-baths are exhausted at a low temperature. Two 
suppositions for such a change may be offered. First, that 
the mordant itself, or the colour-lake already fully formed 
in the dye-bath, is simply better fixed upon the fibre; or, 
secondly, that during the dyeing operation the colour-lake 
is incompletely formed, and only completed during the subse¬ 
quent steaming. If the first supposition is correct, then the 
amount, both of mordant and colouring matter present in 
the fibre, would be larger after steaming than before;^ if the 
second supposition is correct, then the amount of mordant 
on. the fibre would be the same both before and after steam¬ 
ing, and the deeper colour would be due simply to a larger 
quantity of colouring matter having been taken up, A trial 
was made by mordanting cloth with three different amounts 
of chromium mordant and dyeing with alizarin. The cloth 
was then divided into two parts; one was dried and steamed, 
the other not. Finally both were soaped, and the chromium 
estimated in equal portions of the two patterns. In two 
cases the steamed patterns contained an increase of chromium; 
but the shades of the patterns were proportionately much deeper 
than could be ascribed simply to the increase of chromium, 
and in a third case where the steamed pattern contained 
less chromium the tone of the dyed colour was nevertheless 
deeper, hence the authors concluded that the second sup¬ 
position is the most likely one— viz., that the steaming renders 
the coloiu- faster to soaping by completing the formation of 
the colour-lake initiated in the dye-bath.” 

It is a little unsatisfactory to criticize an abstract of a 
paper, especially when that abstract is not written by the au¬ 
thors. Since the original is not accessible, one must do the 
best one can with the abstract. One cannot be absolutely 
certain whether the difference in tint is due entirely to less 

• fWhat the authors mean is that soaping would remove more mordant 
and dye Irom the sample which had not been steamed than from the one which 
had been. As worded they imply that steaming increases the amount of the dye 
present in the fiber instead of saying that it increases the amount which is not 
removed by soaping.—W. D. B.J 
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dye being removed from the fiber or whether there is, as the 
authors assume, a difference due to the coagulation of the dye. 
This latter is quite possible because we know, for instance, 
that very finely ground cadmium yellow is paler than a some¬ 
what coarser pigment. The time to have determined this, 
however, was before the soaping and not after it. In spite 
of these difficulties the experiments of Kutschera and Utz 
show that the high temperature has made the dye faster to 
washing. Similar results have been obtained by Draper and 
Wilson.* When Night Blue is adsorbed by silk above 40° C, 
“a second and more resistant dyeing effect is produced with 
part of the dye absorbed; this effect increases with the tempera¬ 
ture up to 100° C, a greater proportion of the dye being fixed 
in this way. When dyed at 15° C, a subsequent soaping at 
the boil or treatment with alcohol of ordinary strength will 
practically remove all the dye from the fibre, but as the 
temperature of the dye-bath is increased, a certain pro¬ 
portion of the dye is fixed against the action of the solvents. 
In all cases the total amount of dye on the fibre was kept 
constant. This effect has been noticed with other basic 
dyes, but the dyes vary in their resistance against re-solution 
in some way yet to be determined, especially with different 
solvents. 

“These experiments have been extended to the so-called 
acid class of dyes, with interesting results: similar differ¬ 
ences have been observed when working with the same fibre, 
so that this action is not confined to basic dyes, the tempera¬ 
ture effect being of a similar order when expressed in terms of 
the resistance of the dye to the action of solvents. It has 
not yet been proved, however, that the dye is fixed in two ways, 
as in the case of Night Blue, when dyeing at a high tempera¬ 
ture, which result may be due to the dissociation of the dye 
into more basic compounds, which are known to be more in¬ 
soluble. This point is being investigated. The effect of dry¬ 
ing the dyed fibre between the drying and re-solution treatments 


' Jour. Soc. Chem. Ind., 36, 667 (1907). 
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has no appreciable effect on the proportion of colour removed. 
At any rate an increased temperature of the dye solution gives 
an increased resistance against the solvent action of soap 
solution or alcohol in the case of acid dyes.” 

While we do not need to believe that the Night Blue is 
taken up in two different ways, these and other experiments 
by Dreaper are convincing evidence that a rise in tempera¬ 
ture makes most dyes more resistant to solvent action—a 
result which is absolutely in line with what we have known 
for years in regard to hydroxides, sulphides, etc. 

The effect of liquids and solutions in removing color from 
the fabric seems to be fairly simple theoretically. If the mor¬ 
dant or the dye is readily soluble in a given liqtiid or solution 
or is readily peptonized by it, the mordant or the color will 
be extracted more completely than by a Uquid or solution 
having less solvent or peptonizing action. Many dyes are 
more soluble in alcohol, for instance, than in water and more 
color is taken out in these cases by alcohol than by water. 
Spring has shown that soap* will peptonize soot or rouge. 
If it will peptonize rouge there is no apparent reason why it 
should not peptonize iron, alumina, and chrome mordants 
as well as the dye itself. That is why soap strips more than 
plain water. Further, if wash goods are given a more vigorous 
soaping after drying than they will ever receive under ordi¬ 
nary conditions, they will be practically fast afterwards in 
the laundry, always supposing that the heavy soaping left 
any color. 

If a mordant is precipitated too rapidly, so that it is 
chiefly on the outside of the fiber, it and the color win tend 
to rub off readily and will also be removed easily by soap.* 
There is another possibility to which I have found no refer¬ 
ence in the literature, of the color lake becoming friable and 
less readily adsorbed. We know that an emulsion will often 
crack on standing and the emulsifying agent will settle as 

< Zeit. KxdkHdcbemie, 4, 161 (1909)*, n, 109, 164 (1910). 

' Knecht, Rawson and l/xwenthal: A Manual of Dyeing, a, 745 (1910). 
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a curdy mass. It is conceivable that certain dyes, or still 
more, certain dyes in certain mordants, may change with time 
so that either the dyes or the mordants are not adsorbed so 
strongly by the fibers as before. Under these hypothetical 
conditions the dye would rub off readily. This should show 
itself by the freshly dyed fabric being more resistant to rubbing 
than a fabric which had been dyed quite a while before. This 
point may be familiar to practical dyers; but it seems not to 
be discussed in the books on dyeing. 

The whole question of fastness to light is in a very bad 
way because so little systematic work has been done. About 
all that I can hope to do at present is to point out how much 
we do not know in the hope that some enthusiastic person 
will fill in some of the gaps in our knowledge some day. 

Only light which is absorbed can produce chemical action 
and all light which is absorbed tends to produce chemical 
action.^ Whether a given substance is changed appreciably 
by light depends upon the readiness with which the substance 
reacts or upon the presence of suitable depolarizers. With 
some silver salts or with Eder’s solution of mercuric oxalate, 
we get visible decomposition by light. With chromium salts 
we get no measurable change. With some substances the 
action of light causes fluorescence of phosphorescence, thus 
indicating the occurrence of chemical changes even though 
these may be no measurable decomposition. While a copper 
sulphate solution is apparently not sensitive to light, that is 
because we usually do not have a sufficiently powerful de¬ 
polarizer present. What change takes place in any given dye 
when exposed to light will depend on the chemical character¬ 
istics of the dye and on the chemical conditions prevailing 
when the dye is exposed to light.® Methylene blue, for in¬ 
stance, may fade as a result of reduction® or of oxidation. 
The bleaching of methylene blue is usually an oxidation be- 


1 Bancroft: Jour. Phys. Chcm., 17, 596 (19x3), 

’ Bancroft: Ibid., x6| 529 (1912). 

* Cf. Wender: Jour. Chem. Soc., 66 II, 122 (1894). 
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cause of the oxygen, in the air. In presence of gelatine* or 
of stronger reducing agents the bleaching of methylene blue 
by light is due to a reduction. On standing in the dark the 
leuco base is oxidized and the color comes back. 

The presence of a reducing agent should, therefore, make 
oxidizable dyes more stable, at any rate until the reducing 
agent itself is oxidized. It is claimed by von Grabowski* 
that a preparation of zinc, alkah and sugar vdll make benzo- 
pmpurine, benzo-blue, thiazol yellow, and geranin more 
stable to light. Editorial comment on this is to the effect 
that the protection does not last long enough to be worth the 
extra cost. The alleged beneficial action of sodium hyposul¬ 
phite with some colors^ is probably due to its being a reducing 
agent. 

A more interesting case of protection was discovered by 
Stobbe* who foimd that many colors were made more stable 
to light by the addition of copper sulphate, which was taken 
up by the fiber to form copper mordant. Stobbe attributed 
this effect to the fact that the copper mordant cut off some of 
the rays which did the most damage.® This is in line with 
what apparently happens with vermilion and madder. Toch* 
states that vermilion is remarkably permanent when glazed 
over with madder after it is thoroughly dry. It is hard to 
see how the madder can act in any way except as a light- 
filter. That the copper salt acts as a screen is made more 
probable by the experiments of Krais^ who increased the fast¬ 
ness to light for diamine blues, benzo-blues, benzo-green, 
diamine green, benzo-violet, diamine-violet, benzo-azurine, 
rosazurine, direct black, and direct orange on cotton by adding 
copper sulphate or a practically colorless mixture of cobalt 
and nickel sulphates. No protection was obtained with any 

1 Gebhard; Zeit. phys. Chem., 79, 639 (1912), 

* Zeit. Farbenindustrie, 2, 399 (1903). 

* Krais: Ibid., i, 22 (1902). 

* Kder’s Handbuch der Photographie, 3rd ed., i, II, 389 (1906). 

* Cf. Justin-Miiller: Zeit. Farbenindustrie, 3, 300 (1904). 

* ‘'Materials for Permanent Paintings,^' 108 {1911). 

’ Zeit. Farbenindustrie, z, 22 (1902). 
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yellow. There are only two weak points about this. One 
is that Krais found no protecting action in the case of colors 
on wool. Of course, it may be that copper on cotton cuts out 
certain rays which are not cut out by copper on wool; but 
there is no evidence as yet that that is the case. The other 
weak point is that copper salts often act as oxygen carriers^ 
and it is hard to see why they should not sometimes act in 
this way with dyes. Of course, a negative catalytic agent 
would be an ideal thing if one knew where to find one.* It 
is also possible that a careful study would show the presence 
of positive catalytic agents and that removal of these would 
decrease the light-sensitiveness. 

In most cases the lakes are less sensitive to light than 
the free colors.® Purpurine bleaches less readily in presence 
of lime salts or of alum. Colors on iron, chrome, and copper 
mordants are less sensitive than on alumina or tin mordants. 
Eosine with lead mordant is less sensitive than with tin mor¬ 
dant. The data are not sufficient to let us say that dyes on 
colored mordants are generally faster to light than those on 
colorless mordants; but it looks a little like this. Stobbe^ 
found that the alizarine dyes fade more quickly on zinc mor¬ 
dant than on chrome mordant. A number of dyes bleach 
more rapidly on starch paper than on gelatine or albumenized 
paper. I have no idea why this is so. Basic dyes are faster 
to light when mordanted with tannin and fixed with antimony, 
the antimony apparently being the important factor. It is 
even claimed that under these conditions methylene blue on 
cotton becomes quite fast to light.® 

The facts in regard to the effect of the fiber itself are very 
confused. Indigo is faster on wool than on cotton® and the 

^ Lothar Meyer: Ber. deutsch. chem. Ges., 20, 3058 (1887). 

* Bigelow: Zeit. phys. Chem., 26, 493 (1898); Titoff: Ibid., 45, 641 

(1903)- 

® Cf. Eder: Handbuch der Photographic, 3rd ed., i, II, 384, 389, 390 

(1910). 

* Zeit, Elektrochemie, 14, 480 (1908). 

^ Knecht, Rawson and Loewenthal: A Manual of Dyeing, 2, 485 (1910). 

* Stobbe: Zeit. Elektrochemie, Z4i 480 (1908). 
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same is true for the direct colors* and most of the basic colors.® 
On the other hand, safranine and methylene blue* are said to 
be more stable on cotton than on wool. It is probable that 
this discrepancy is due to an unstated difference in the method 
of dyeing. The experiments would not be comparable, if, 
for instance, the methylene blue were fixed on cotton with 
tannin, and antimony and were not so fixed on wool. There 
are a good many contradictions to be found in the literature. 
Thus, it is stated in one place that the lakes made from 5301- 
thetic alizarine are less sensitive to light than those from the 
madder root. * On the other hand, Cajar* says that the madder 
root gives a faster color than S3mthetic alizarine, purpurine 
carboxylic acid being the stable substance. 

Mumford® voices a popular but unfounded prejudice in 
regard to synthetic dyes and mordants. “ Color is the Orient’s 
secret and its glory. These dark-skinned peoples, lagging 
so far backward along the pathway of civilization, mastered 
long ago the chromatic mysteries lurking in the shrubs of 
their deserts, the vines, leaves and blossoms which make 
these lands radiant, and they have guarded this subtle knowl¬ 
edge from foreign participation with greater care and jealousy 
than they seem to have exercised for their bodily welfare, 
or their place among races. The royal purple of Tyre, which 
the Phoenicians by some magic won from the molluscs of their 
seas, is virtually obsolete now.® Science has found, in the 
refuse of factories, gaudy hues to serve the purpose; but 
the old dyes of the East still boast a splendor and lastingness 
which chemistry cannot counterfeit—a permanence emblem¬ 
atic of the (xiuntries where alone the marvel of their com¬ 
pounding has been understood.... 

^ Eder: Handbuch der Photographic, 3rd ed., i, II, 384 (1910). 

* Knecht, Rawson and Loewenthal: A Manual of Dyeing, a, 463 (1910). 

’ Ibid., 2, 458 (1910). 

* Eder: Handbuch der Photographie, 3rd ed., 1, II, 391 (1910). 

« Zeit. angew. Chem., 24, 793 (1911). 

« “Oriental Rugs," 42, 47 (1901). 

’ [Not through lack of knowledge. Cf, Bancroft: Philosophy of Per* 
manent Colours, x, 157 (1813)]. 
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“The distinctive feature of the old Eastern dyeing sys¬ 
tem was that nearly every tingent was of vegetable or animal 
origin, and that similar ingredients were employed for mor¬ 
dants or fixations. The treatment of the yam with borax, 
saltpeter, tartar, copperas and the like had not been known. 
The native dyers held to the merits of the old-fashioned mor¬ 
dants—valonia, pomegranate-rind, sumac, divi-divi, and the 
barks of different trees, from which they had for so long 
obtained renowned results.” 

Mumford evidently believes that natural products are 
faster to light than are synthetic products. This is rather 
remarkable in view of the way in which leaves and most 
flowers change color. It would be more accurate to say that 
most vegetable colors are not fast at all to light. What the 
old dyers have done is to pick out the most permanent of the 
natural coloring matters. Even then, the situation is not at 
all what Mumford pictures it. The chief dyes used by the 
Oriental dyers are madder, indigo, cochineal, orchil, turmeric 
or saffron, and Persian berries. Of these madder and indigo 
are colors which are made commercially from coal tar; the 
coloring matters in Persian berries are flavonol derivatives 
and could be made on a large scale if it were worth while; 
the coloring matter of cochineal is apparently a naphtha- 
quinone derivative though the structure formula is not yet 
known definitely, while orchil and saffron are admittedly 
not fast to light. Of these six dyes, three have been made 
from coal tar and two are not permanent. The mordants 
used by the Oriental dyers were chiefly impure tannins. 
Though Mumford rejoices in the fact that the eastern dyers 
do not use tartar emetic, yet we know that colors mordanted 
with tannin and fixed with tartar emetic are faster to light 
than those which are not so fixed. Where the Oriental dyers 
may have an advantage is in the use of impure mordants. 
It is quite possible that a suitable mixture of mordants may 
work better than any single one.^ It seems probable that 
work along this line might be very well worth while. 

^ Cf. Koechlin: Chem. News, 46, 179 (1882). 
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It is quite true that many of the so-called aniline colors 
are not fast to light but there are also others which are quite 
permanent. It is merely a question of people insisting on 
getting permanent colors and of being willing to pay the cost. 
I know of Japanese grass-cloth papers which have stood twenty 
years of bright sunshine without any marked fading. The mak¬ 
ing of modem Oriental mgs to rival the old ones is a question 
of time, skill, artistic taste, and cost; but it is not a question 
of secrets of dyeing. It is quite probable that it would help 
matters if the use of fugitive dyes were discouraged. A list 
might be made showing what dyes were permanent in fabrics 
and paper, and if people would insist on having those, we should 
hear less about the rapid fading of synthetic dyes. 

The general results of this paper are as follows: 

1. If a fabric exhaust the dye completely in a given bath, 
the dyed fabric will not bleed in an exhausted bath or in any 
solution having a lesser solvent action for the dye in question. 

2. The object of heating a dye-bath is to agglomerate the 
dye in the fabric and to make it faster to washing. 

3. Many dyes are faster to light in iron, chromium and 
copper mordants, than in aluminum or tin mordants. It is 
probable, though not proved, that this is due to certain wave¬ 
lengths being absorbed more or less completely by the colored 
mordants. 

4. The contradictory statements in regard to fastness 
of dyes on different fibers are probably due to unspecified 
differences in making the experiments. It is not legitimate, 
for instance, to ascribe to the fiber differences in fastness to 
light between a basic dye on wool and the same dye mordanted 
on cotton with tannin and antimony. 

5. People can get synthetic dyes which are very fast to 
light if they will insist upon having them and are willing to 
pay for them. 

Cornell University 



OXYCELLULOSE 


BY WILDER D. BANCROFT 

The literature in regard to oxycellulose is a bit con¬ 
fusing, there being apparently not less than thrpe oxycellu- 
loses; and an ambitious person would probably increase the 
number so as to have at least one for every oxidizing agent. 
I am going to give an outline of what is in vSchwalbe’s book^ 
and will then describe some experiments by Mr. R. H. Currie, 
Jr., which simplify the problem somewhat. 

Ozone oxidizes cotton cellulose while oxygen acts only 
in presence of light. A three percent hydrogen peroxide solu¬ 
tion reacts very slowly at ordinary temperatures; but reacts 
readily at higher temperatures, especially in presence of small 
amounts of alumina, ferric oxide or chromic oxide. More 
concentrated solutions react energetically without being heated 
and without the presence of oxides as catalytic agents. Thirty- 
two percent nitric acid has no effect cold, but oxidizes cellu¬ 
lose at about 8o°. According to Cross there is an intermediate 
formation of hydrocellulose, but this is disputed. Chromic 
acid oxidizes cellulose to oxycellulose. It is undoubtedly 
true that moist chlorine oxidizes cellulose, but it is very 
probable that the oxidizing agent is really hypochlorous acid 
and not chlorine itself. Concentrated chlorine water dis¬ 
solves or peptonizes cellulose. A mixture of bromine and 
water oxidizes cellulose but not readily, and iodine appears 
to have no oxidizing action. Chloric acid is a powerful 
oxidizing agent in presence of vanadium salts. Hypochlorous 
acid is a very powerful oxidizing agent and it is consequently 
necessary to keep the concentration of bleaching powder low 
if one is to bleach a fabric without weakening the fibers. 
Alkaline permanganate solution has a greater effect on cellu¬ 
lose than a neutral solution. Potassium ferricyanide has 
practically no oxidizing action. Ammoniacal copper oxide 


^ Schwalbe: “Die Chemie der Cellulose,” 129-144, 221-256 (1911). 
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solution oxidizes cellulose in presence of air, and ammonium 
persulphate is said to oxidize cellulose both to oxycellulose 
and to cellulose peroxide. 

The oxycellulose, obtained by oxidizing with nitric add, 
is a white, flocculent substance which becomes gelatinous 
when the add is washed out. After predpitation with al¬ 
cohol it dissolves readily in dilute, hot alkali, the solution 
becoming golden yellow. With more concentrated alkali 
the mass becomes gelatinous, liquefying again with still higher 
concentrations of alkali. When alcohol is added to an ap¬ 
parent solution of cellulose in dilute alkali, the oxycellulose 
is predpitated and carries down no appredable amount of 
alkali. The oxycellulose obtained with nitric acid does not 
take up metallic mordants. If oxycellulose is predpitated 
from alkaline solution by means of acids and then dialyzed to 
remove the acid, it dissolves in water. Boiling with soda 
solution has the same effect. Concentrated sulphuric acid 
gives rise to a pink color. If the cellulose is not heated too 
long with nitric acid, the product has a redudng action on 
Fehling’s solution. The yidd of oxycellulose may vary be¬ 
tween 30% and 90%, depending on the concentration of the 
nitric add. The yield is higher with a moderately dilute 
acid because the stronger acid oxidizes a good deal of the cdlu- 
lose to oxalic acid. 

When oxycellulose is obtained by oxidizing cellulose 
with chloric acid, the product turns yellow when heated to 
100° in the air. It is only partly soluble in alkali, the solution 
being yellow and having a redudng power which disappears 
if the solution is heated. Only part of the alkali-soluble 
product is repredpitated by adds. As in the preparation 
with nitric add, the yield is greater the more dilute the chloric 
add solution. 

When oxycellulose is prepared by oxidation with per¬ 
manganate, the product is soluble in dilute alkali. When 
boiled with alcoholic caustic soda, 50% remains insoluble and 
has no redudng power. The insoluble portion takes up me¬ 
tallic mordants. If the permanganate oxycellulose is heated 
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with sulphuric acid and afterwards with soda, the product 
dissolves in boiling water after the removal of the soda. The 
water-soluble cellulose becomes insoluble in presence of acids 
but can be made soluble again by another treatment with soda. 

The oxycellulose prepared with bleaching powder is 
permanent in vacuo at ioo°, but becomes colored in moist 
air. It is then partly soluble in alkali, the residue being 
colored, however. This oxycellulose does not become colored 
when boiled with water, but does when boiled with caustic 
alkali or with a soda solution. If the freshly prepared oxycellu¬ 
lose is treated with dilute alkali, part of it dissolves and the 
residue does not turn yellow when treated with soda solution. 
The freshly prepared oxycellulose reduces Fehling’s solution, 
but prolonged boiling with caustic alkali destroys the reducing 
substance. It is claimed that the oxycellulose from bleaching 
powder takes up metallic mordants. 

One would expect an oxycellulose prepared by the action 
of bromine in presence of calcium carbonate to be prac¬ 
tically the same as one prepared with bleaching powder, 
but this seems not to be the case.' When prepared in this 
way it is entirely insoluble in dilute alkalies, though it yields 
a golden yellow liquid when heated with dilute alkali; it 
reduces Fehling’s solution. 

When cotton cellulose is treated for sixty days with a con¬ 
centrated hydrogen peroxide solution, a product is obtained 
which Biuncke and Wolffenstein® call “hydral cellulose,” 
but which Schwalbe considers to be an oxycellulose. It is 
a white pulverulent mass which reduces Fehling’s solution 
and also ammoniacal silver solution. It is partly soluble in 
dilute caustic soda solution, from which sulphuric acid pre¬ 
cipitates the peptonized portion. If this oxycellulose is heated 
with lo percent caustic soda, two-thirds of it remain un¬ 
dissolved and seem to be unchanged cellulose; the portion 
which has dissolved has lost all reducing power and no longer 

> von Faber and Tollens; Ber. deutsch. chem. Ges., 3a, 2592 (i899)- 
* Ber, deutsch. chem. Ges., 33, 2493 (1899). 
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reacts to form a hydrazone. This product is called acid 
cellulose by Bumcke and WolfiFenstein. Acid cellulose dis¬ 
solves in concentrated hydrochloric acid from which it can be 
precipitated unchanged on addition of water or alkali. If 
the hydrochloric acid solution of acid cellulose be allowed to 
stand for a long time or if it be heated, addition of water causes 
no precipitate and the solution reduces Fehling’s solution which 
it did not do before. When acid cellulose has been dried, it 
does not dissolve in caustic soda and is not readily decomposed 
by concentrated hydrochloric acid solution. Acid cellulose 
can also be prepared by boiling cellulose with 30 percent 
NaOH or by precipitation from an ammoniacal copper solution 
of cellulose. It is said to have been obtained by the action of 
ammonium persulphate on cellulose. 

Even if one omits the so-called acid cellulose, the other 
oxycelluloses are not at all alike except in the fact that they 
reduce Fehling’s solution if they have not been heated too 
much. Some are soluble and some nearly insoluble in dilute 
alkali. There is nothing to show whether all become soluble 
in water after treatment with soda or not. Nastukoff^ con¬ 
siders that one gets varying mixtures of three oxycelluloses: 
a-oxycellulose which is insoluble in alkali (from bleaching 
powder or bromine and calcium carbonate); 18-oxycellulose 
which is soluble in alkali (from nitric acid); 7-oxycellulose 
which is soluble in water after boiling with soda. It is not 
very safe to base the existence of definite compounds on 
differences in solubility or peptonization of colloids. Care¬ 
fully dried d-oxycellulose is not readily soluble in alkali and 
would, therefore, be classed as a-oxycellulose. Haber and 
Oordt* found that one equivalent of freshly precipitated beryl¬ 
lium hydroxide is peptonized by about eight equivalents of 
alkali whereas over ninety are necessary if the beryllium 
hydroxide has been heated or allowed to stand. Haber 
knew better than to postulate different modifications, but 
other people are not so cautious. 

‘ Schwalbe: ‘*Die Chcraie dcr Cellulose," 248 (1911). 

2 Zeit. auorg. Chem., 38, 377 (1904). 
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It seemed desirable to find out to what extent the proper¬ 
ties of oxycellulose or the oxycelluloses differed when pre¬ 
pared by means of different oxidizing agents. Mr. R. H. 
Currie, Jr., made a preliminary study of the action of nitric 
acid, permanganate, chloric acid, and bleaching powder on 
cellulose as his senior research work, and his results are dis¬ 
tinctly interesting. 

The cotton used was surgeon’s absorbent cotton which 
was boiled for a number of hours with dilute caustic soda 
and then washed. This is an improvement on Parker’s 
method' and was devised by Mr. Leighton in this laboratory. 
It is not certain that this gives an absolutely pure cellulose, 
but, at least, it gives a material which can be duplicated by 
anybody at any time. The oxidation with nitric acid was 
done as follows: Thirty-five grams of purified cotton and 
350 cc 60 percent HNO3 were placed in a flask with a return 
condenser and heated on a water-bath for twenty hours. The 
gelatinous mass was filtered through calico hardened with 
nitric acid. It was washed twice with 60 percent HNO3 
by decantation, pumped dry, and then washed successively 
with water, 60 percent ethyl alcohol, 90 percent ethyl alcohol, 
and with ether. To wash the material it was removed from 
the filter and rubbed with the liquid until all lumps were 
broken up. When thoroughly dry, the product was ground 
to a fine light powder, clear white in color. 

In the preparation of oxycellulose by means of perman¬ 
ganate, 32 g cotton were heated with three liters of 15 percent 
H2SO4 to which had been added 32 g KMn04. The flask 
containing the solution was fitted with a return condenser 
and was heated on a water-bath until the solution was de¬ 
colorized. The solution was poured off and the cotton was 
heated again with the same amounts of acid and perman¬ 
ganate until this second solution was decolorized. The de¬ 
colorized solution was poured off and the gelatinous mass 
was freed from the precipitated manganese dioxide by heating 


* Jour. Phys. Chem., 17, 219 (1913). 
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with 15 permit HjS04. The product was washed free from 
acid with water, and 90 per cent ethyl alcohol, followed by 
ether. This oxycellulose was of a light creamy coIot. . 

By means of chloric acid another oxycellulose was iwe- 
pared which differed in its physical appearance from the others. 
To 30 g cotton were added three liters of water containing 
150 g KClOg. This was heated to boiling and 125 cc cone. 
HCl were added slowly, the solution being kept stirred. The 
solution was kept at 100° for an hour, after which the liquid 
was poured off and the oxycellulose was washed with water, 
and 90 percent alccdiol, followed by ether. The dry product 
was light and flocculent; it was made up of short fibers. 

To prepare oxycellulose with bleaching powder, 30 g 
cotton were digested for twenty-four hours with one liter of 
a filtered solution of bleaching powder (4° B6). The solu¬ 
tion was then poured off and the operation repeated. The 
product was washed with water, 90 percent alcohol, and ether; 
it forms a fine white flocculent powder. In order to duplicate 
Witz’s work, thirty grams of cotton were hung on glass rods 
in the air and were kept moistened with a bleaching-powder 
solution (4° B6) for five days during which time about 700 
cc of bleaching powder solution were added. The product 
was then washed as in the other experiments; it was similar 
in properties to that obtained by a bleaching powder solution 
without evaporation, though a little more fibrous. 

All five preparations behave very much alike. When 
heated to 100° they turn brown. When the temperature is 
raised, they turn a deeper brown and then black, owing to 
charring. This was rather a surprise for it had been antici¬ 
pated that the first change would be from white to yellow. 

When heated with water to 50°, the liquid tends to gela¬ 
tinize and, on cooling, the oxycelluloses settle as a gelatinous 
mass. The supernatant water contains no oxycellulose as 
is shown by the fact that no precipitate is left when the clear 
liquid is evaporated to dryness and that addition of alcohol, 
hydrochloric acid, sulphuric add, or sodium hydroxide caused 
no predpitation. All the oxycelluloses are partly soluble in 
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dilute solutions of sodium or potassium hydroxide, the solu¬ 
tions turning golden yellow when heated. These solutions 
become gelatinous on addition of a more concentrated alkali. 
When alcohol is added to a solution of oxycellulose, a precipi¬ 
tate is obtained which is peptonized readily by water. When 
boiled with a dilute soda solution the oxycelluloses dissolve 
and the solutions become yellow. Addition of alcohol pre¬ 
cipitates oxycellulose in a form soluble in water. 

When treated with concentrated sulphuric acid, the oxy¬ 
cellulose first turns brown and then black owing to charring. 
Nothing was seen of the pink color noted by other observers. 
All the oxycelluloses reduce Fehling’s solution if they are not 
heated too long. 

In order to determine whether the oxycelluloses adsorbed 
metallic mordants, samples were treated with solutions of 
ferric sulphate, aluminum sulphate, and copper chloride. 
After the cotton had been washed and dried, it was ignited 
and the ash tested microscopically for these metals. They 
were found. The experiments were repeated, giving the cotton 
a much more thorough washing. The copper was washed out 
completely and the microscopic test showed no copper in the 
ash. It was harder to wash out the aluminum salt and the 
iron was not removed completely. Whether one says that 
the cotton takes up these mordants or not depends on how 
carefully one washes. It seems like stretching a point to 
speah of the cotton taking up these mordants under these con¬ 
ditions, but the discrepancy in the different statements is 
probably due to a difference in definition. 

However prepared, the oxycelluloses are soluble to a greater 
or lesser extent in caustic potash or soda solutions. The color 
is yellower in the KOH than in the NaOH solutions. The 
oxycellulose prepared with chloric add turns yellower than any 
of the others. It seemed possible that the cdlulose was not 
converted entirely into oxycellulose and that the varying solu¬ 
bility in alkaU might be due in part to the presence of un¬ 
changed cellulose. To test this hypothesis, one-gram samples 
of the five oxycelluloses were heated with a potassium hydroxide 
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solution in a water-bath for twenty-four hours, the flask being 
equipped with a return condenser. The solution was then 
poured off and the residues washed with water until free 
from alkali. They were then dried at ioo° and weighed, the 
loss of weight giving the amount of oxycellulose which had 
gone into solution. 

‘The data are given in Table I. 


Table I 


Oxycellulose prepcured with 

Solvent 10 per¬ 
cent KOH 

Time of heating 

Percent 

soluble 

Nitric acid 
Permanganate 
Chloric acid 
Bleaching powder 
Bleach in air 

200 cc 

200 “ 

200 ‘‘ 

200 “ 

200 “ 

24 hours 

24 “ 

24 “ 

24 ” 

24 '■ 

43-3 

41.1 

45*3 

24.9 

29.4 


The insoluble portions of the oxycelluloses were combined 
and the whole treated with chloric acid, washed, and dried 
with alcohol and ether. A one-gram portion was then heated 
on a water-bath with 200 cc 10 percent KOH for twenty-four 
hours. The residue was treated as before and the amount 
dissolved was found to be 36.1 per cent. It is thus clear that 
the so-called insoluble oxycellulose is really unoxidized cellu¬ 
lose and that the present methods do not give complete 
oxidation to oxycellulose. Some of the discrepancies, that 
have been noted in the past, have been due to the fact that 
people have not always been careful to distinguish between 
the properties of the alkali-soluble substance and those of the 
total product obtained on oxidation. 

Whether prepared with nitric add, permanganate, chloric 
add, bleaching powder, or bleaching powder and air, the prod¬ 
uct always has the following characteristics: 

1. Does not change color on heating to 100® in air. 

2. Forms a gdatinous mass when warmed with water. 

3. Partially soluble in KOH or NaOH with yellow color. 

. 4. Dissolves readily in water after predpitation from alkali 
sdiution with alcohol and dialysis. 
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5. Dissolves in water after precipitation from alkali 
solution with add and dialysis. 

6. Dissolves partially when boiled with soda. Can be 
predpitated with alcohol and is then soluble in water. 

7. When heated with sulphuric add and then with'sodium 
carbonate solution, a part dissolves. Can be predpitated 
with alcohol and is then soluble in water. This is really a 
repetition of No. 6, but it is inserted because others have done 
the experiment in this way. 

8. Reduces Fehling’s solution if not heated too long. 

9: No intense adsorption of copper, alu m inum or iron 
mordants. The iron is adsorbed the most strongly of the three 
and the copper the least. 

10. Concentrated sulphuric acid gives rise to a brown color 
and then to a black one. This is the result of charring. 

11. Contains unchanged cellulose in considerable amounts. 

This is suffident to show that essentially the same product 

is obtained with the different oxidizing agents. Nastukoff’s 
a-oxycellulose is evidently unchanged cellulose. Whether the 
oxycellulose is peptonized by water or only by alkali is ap¬ 
parently merely a matter of agglomeration and there is ab¬ 
solutely no evidence for the existence of two modifica¬ 
tions. Schwalbe considers that the ability to reduce 
Fehling’s solution is an essential characteristic of oxy¬ 
cellulose. This property disappears readily on heating, 
without producing any essential change so far as we know in 
the other characteristics. It seems simpler for the present 
to consider the reducing action on Fehling’s solution as due 
to the presence of some other substance than oxycellulose. 
The data are not suffident to enable one to tell whether this 
substance is a product intermediate between cellulose and 
oxycellulose or whetho" it is a decomposition product of cellu¬ 
lose though the behavior of so-called add cellulose implies the 
latter. 

Owing to the limited time at Mr. Currie’s disposal, no 
study was made of the oxycellulose obtained with hydrogen 
peroxide. No analyses of oxycellulose were made because 
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we do not know that anybody has ever had pure oxycellulose. 
The product obtained by the direct oxidation is unquestionably 
a mixture and the alkali-soluble portion may be. The most 
promising line of attack would probably be to do fractional 
precipitation of the water-soluble oxycellulose, though even 
here there is no certainty that the product may not adsorb 
cellulose or some of the decomposition products. 

The general results of this paper are: 

1. There is no evidence for the existence of three differ¬ 
ent oxycelluloses: a-oxycellulose insoluble in dilute alkali; 
/ 3 -oxycelIulose soluble in dilute alkali; and 7-oxycellulose 
soluble in water. 

2. The a-oxycdlulose is apparently unchanged cellulose, 
very likely more or less contaminated with some of the de¬ 
composition products. 

3. The |8-oxyceIlulose and the y-oxycellulose are the same 
substance in different degrees of agglomeration. They do 
not differ anything like so markedly as do freshly precipitated 
and aged beryllium hydroxide. 

4. The same products are obtained when cellulose is- 

oxidized by nitric acid, permanganate, chloric acid or bleaching 
powder. No experiments have been made with hydrogen 
peroxide. • 

5. With no one of these oxidizing agents is all the cellu¬ 
lose oxidized under the experimental conditions described. 

6. It is probable that the reducing action on Fehling’s 
solution is not a characteristic of oxycellulose. It is probably 
due to other decomposition products. 

7. There is no certainty that anybody has ever prepared 
pure oxycellulose though the water-soluble oxycellulose may 
be a homogeneous product. 

8. Oxycellulose does not adsorb metallic mordants in¬ 
tensely. 

Cornell University 
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The Electrical Conductivity and Ionization Constants of Organic Com¬ 
pounds, By Heyward Scudder. /y X 24 cm; pp. v -f 566. New York: D. 
Van Nostrand Co., IQJ4. Price: Jj.oo.—The author has prepared ‘"a bibliog¬ 
raphy of all the measurements of the ionization constants and the electrical 
conductivity of organic compounds that have appeared in the periodical litera¬ 
ture between the years 1889 and 1910 inclusive, together with the values of the 
ionization constants, and certain values of the electrical conductivity.”. . 

”In order to aid identification or to show the purity of a compound for 
which any numerical data are given, the melting-point or boiling-point is given 
in the tables when it is stated in an article. This melting-point or boiling-point 
refers to the sample measured, and not necessarily to the most highly purified 
sample described in the article. In some cases the melting-point or boiling- 
point of a derivative (as a salt) may be given, when the article docs not furnish 
such data for the pure compound. The position of these identifying data is 
directly after the ionization constant, or after the measurement of the con¬ 
ductivity. In many cases, where the original supplies no such data, 1 have 
looked up the mode of preparation, in order to make sure what the compound 
is. There is a good deal of reasonable doubt as to the position of substituted 
groups in a number of compounds, for instance in the toluidine sulphonic acids. 

“Immediately after the name are given (in parenthesis) the synonyms. 
These are inserted in some cases only for convenience in referring to the original 
articles, since the names used there have been abandoned. After the synonyms 
comes the empirical formula, and when convenient the extended formula. Cyclic 
formulae are given only in the grouping of the pages directly in front of the tables. 
The extended formulae are intended to be of assistance, but not to represent the 
definitive structure, nor to exclude the possibility of tautomeric forms, floating 
double bonds, etc. 

“The bibliographical references for each compound are arranged under 
definite readings which are not specifically named in the text. These headings 
are: (i) the specific conductivity of the pure compounds; (2) the ionization 
constant; (3) the conductivity in aqueous solution; (4) the conductivity in solvents 
other than water; (5) miscellaneous measurements, as the conductivity of mix¬ 
tures with other compounds, conductivity under varying pressure, etc.; (6) the 
conductivity of the salts... 

“When there is an advantage in one article, either from its greater ac¬ 
curacy, or from its more extended measurements, that reference number is placed 
first. In other cases the reference numbers are given in numerical order, though 
of course the number of an article from which any data are taken is placed di¬ 
rectly after such data, followed by the numbers of the other articles. If the 
ionization constants or conductivity measurements in two articles are widely 
different, both are usually given, placing first the more reliable, and stating any 
possible explanation of such difference. But if the data in one article are evi¬ 
dently inaccurate, they are not given, though the reference number of that 
article is given. When there may be some doubt from the name alone, what 
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compound is referred to, greater weight is usually given to articles containing 
some means of determining what compound was really measured, and how pure 
it was. In the case of isomers, when no identifying statements, such as melting- 
point, mode of preparation, etc., are made in an article, I have assumed that the 
most easily prepared or procured isomer was used.” 

The author has done his bibliographic work in a masterly manner. The 
book appeals to a limited circle; but it should prove of great value to those special¬ 
izing in this particular line. If it were not for the high cost of publication and 
the limited sale, we could turn out as good monographs and bibliographies in 
this country as are published abroad. Wilder D. Bancroft 

Alloys and their Industrial Applications. By Edward F. Law. Second 
Edition. 22 X 14 cm; pp. vii -f 332. London: Charles Griffin and Company, 
Limited, 1914 .—The subject is treated under the following headings: intro¬ 
duction; properties of alloys; methods of investigation; constitution; influence 
of temperature on properties; corrosion of alloys; bronzes; brass; Sf>ecial bronzes 
and brasses; German silver and miscellaneous copper alloys; white metal alloys; 
lead, tin, and antimony; antifriction alloys; aluminum alloys; silver and gold 
alloys; iron alloys; miscellaneous alloys. 

In some respects the book is very good. Special stress is laid, pp. 112, 114, 
227, on the effect due to the form in which a second phase appears, whether 
laminar or globular. The discussion of antifriction alloys is good and the remarks 
on the proper temperature for casting such alloys, p. 245, are also interesting. 
The attitude in regard to corrosion, p. 130, is also good. 

”In some cases the process of corrosion stops itself automatically by the pro¬ 
duction of compounds which hinder further corrosion. Cases of this descrip¬ 
tion are not uncommon, and an example of the greatest importance occurs in 
the employment of lead pipes for carrying water. It is well known that lead is 
appreciably soluble in water, and to such an extent as to render the water unfit 
for drinking purposes. Moreover, nearly all waters contain considerable quan¬ 
tities of sulphuric acid in the form of sulphates, which also have a corroding action 
on lead; but the product of the corrosion in this case is a practically insoluble 
compound, lead sulphate, which forms a coating on the surface of the metal and 
effectually prevents further corrosion, cither by sulphates or by the water itself. 

^Similar incorrodible coatings are formed on certain alloys, and an interesting 
example may be cited to illustrate* this and also another protective influence 
exerted by one metal upon another. This is found in the case of an alloy of gold 
and silver containing 50 percent of each metal, which is practically insoluble in 
the ordinary acids In hydrochloric acid or aqua regia a coating of silver chloride 
is immediately formed, and all action ceases. In nitric acid the silver on the sur¬ 
face is dissolved, and the alloy is then protected by a coating of gold which pre¬ 
vents further action taking place. This fact is well known to all assayers and 
refiners, and in the operation of 'parting' bullion {i. e., dissolving out the silver 
with acid) it is necessary that the amount of silver should be considerably in ex¬ 
cess of the gold, or the parting is incomplete. Certain copper alloys behave in 
a similar manner, the alloying metal being dissolved out until a surface deposit 
remains, which is only slightly acted upon by the corroding liquid. These facts 
are of the greatest importance and should always be borne in mind when consider- 
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itifi the results of experimental tests, as they will frequently explain the startling 
differences between the results of actual practice and those obtained in experi¬ 
mental tests. Nearly all the results of experimental tests have been obtained by 
simple immersion of the alloy in water, dilute acid, or other corroding liquid; 
but in actual practice corrosion is usually accompanied by erosion to a greater 
or lesser extent, and the effect of this erosion in removing protective coatings and 
exposing fresh surfaces to the action of corrosion can readily be imagined, although 
it is often overlooked." 

The book would be better if there were any evidence that the author had 
read any articles or books other than those published in England. While the 
reviewer does not believe that Tammann's method of thermal analysis will do 
all that is claimed for it, a reference to it should certainly be made in a book of 
this character. Wilder D. Bancroft 

Physikalische Chemie der Zelle und der Gewebe. By Rudolf Hober Fourth 
Edition. 24 X iS cm; pp.vii ^ 808. Leipzig: Wilhelm Engelmann, IQI4. Price: 
20 marks. —The third edition was reviewed (15, 881) in 1911. This new edition 
is nearly one-fifth larger and the arrangement has been changed considerably, 
the chapter on colloids now preceding those on cell permeability and on the theory 
of narcosis. The book is still a remarkably good one; but one cannot go on in¬ 
definitely increasing the .size of a book without changing its character. The 
difference between this edition and the previous one is an increase in the number 
of facts. By the time the fifth edition is called for, the author will have to make 
the book chiefly a compendium of data, or he will have to develop the theoretical 
side much more .strongly, so that the experimental data can be presented briefly 
as illustrations of the general theory. It is to be hoped that the latter plan will 
be the one adopted by the author 

A great deal of work must be done before this is possible. The admirable 
chapter on the permeability of cells shows how far we still are from a satisfactory 
theory of this phenomenon. The reviewer feels confident, however, that part of 
this difficulty is due to attempts to carry through in its entirety some one theory 
in the form originally proposed. It is probable that there is something sound 
in nearly every one of the explanations offered and that the final theory will 
be a composite. We have been through much the .same thing in colloid chemistry. 
When Muller published his book, in 1907, he distinguished solution theory, sus¬ 
pension theory, adsorption theory, distribution theory, theory of chemical com¬ 
plexes, and other theories. Under each head he had several subdivisions, all 
more or less mutually exclusive. The difficulty was that each man was interested 
especially in certain phenomena and worked out the particular form of the general 
theory which was best applicable to his particular problem and did not bother 
himself much about the other portions of the field. Thus, the electrical phenomena 
are the important ones with so-called colloidal suspensions in aqueous solu¬ 
tions and the theory of Hardy and Bredig took that into account without bother¬ 
ing itself very much in regard to adsorption, and without taking any account of 
the behavior of gelatine by itself or as a protective colloid. It is only by taking 
the good portions of each theory and combining them into one general theory 
that one can hope to reach a satisfactory result. 

Hdber classifies the views in regard to permeability of cells under the general 
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headings: plasma film as molecular sieve; plasma film as lipoid membrane; 
plasma film as albumin membrane. The view that we are dealing with a lipoid 
membrane is the one that has been worked out in most detail and which accounts 
for the most* facts. On the other hand, it seems certain that this theory cannot 
account satisfactorily for all the facts and that it must be modified to some ex¬ 
tent. \ 

The reviewer was glad to see special stress laid, p. 170, upon the fact that 
Congo red is a colloid and that its use as an indicator is, therefore, affected by 
the presence of substances which may be adsorbed. Attention is also called by 
the author, p. 189, to Henderson’s work on the importance of sodium phosphate 
in keeping the hydrogen concentration of the blood constant. On the other hand 
the reviewer is sorry to see so much stress laid on Schulze’s law, which is only a 
first approximation. As such it is valuable, but it becomes positively harmful 
when prom()ted to the dignity of a law. The author also fails to appreciate fully 
that one is dealing throughout with selective adsorption, and that the order of 
the anions and cations is not necessarily the same with different substances. 

Wilder D. Bancroft 

Introduction to Physical Chemistry. By James Walker. Seventh Edition. 
15 X 22 cm; pp. xii + 420. New York: The Manmllan Company, 1913. Price, 
cloth, $2.60. —The first edition of this book was reviewed in the Journal of Physical 
Chemistry (4, 41). The new edition is very similar to the last edition, not having 
been changed in form, but a number of minor changes have been made. More 
accurate values for constants, made possible by more accurate work, are given 
with .some few minor changes. This book still holds the high standard which it 
de.serves as a descriptive treatise of physical chemistry. The plan here, as 
before, is to select certain parts of the field and elaborate these, rather than to 
give a comprehensive view of the whole field. The book, however, is elementary 
in nature as before, and is still well suited as a basis for a lecture course in genera! 
and physical chemistry. C W, Bennett 

Complex Ions in Aqueous Solutions. By Arthur Jaques, 22 X 15 cm; 
pp. V + 151. New York: Longmans, Green and Co., 1914. Price: $1.35 .— 
The author gives a summary of our knowledge of complex ions and of the methods 
for determining the composition of a complex ion. The chapters are entitled: 
introductory; the chemical method; the ionic migration method; the distribution 
method; the solubility method; the electric potential method; some examples; 
ammoniacal salt solutions, etc.; .some cobalt and copper solutions; some special 
cases of equilibrium; the hydrate theory. Such a <x)mpilation is likely to be 
distinctly serviceable. The author has overlooked or ignored the work of 
Parsons on the non-existence of KIs and he does not consider the possibility of 
colloidal solutions in the case of alkaline copper tartrate solutions for instance* 

Wilder D. Bancroft 



STUDIES ON THE SILVER VOLTAMETER 


, BY G. A. HULBTT and G. W. VINAD 

1. Introduction 

At the suggestion of Prof. E. B. Rosa, of the Bureau of 
Standards, a comparison has been made of the silver voltam¬ 
eters and methods employed at the Bureau of Standards 
with the voltameters and methods used at Princeton Uni¬ 
versity by Prof. Hulett and his co-workers. Accordingly, in 
January, 1914, one of the authors (G. W. V.), came to Prince¬ 
ton with part of the Bureau of Standards equipment of voltam¬ 
eters. 

This work was intended to include a comparison of the 
methods of preparing the electrolyte, of the porous cups and 
their manipulation, of the methods of washing and weighing 
the deposit and of other details of operation in order to find 
an explanation for certain differences in conclusions reached 
and to see whether when the electrolyte was pure and the 
manipulation the same, the voltameters, which were of differ¬ 
ent sizes and shapes would give identical results. In addition 
it was planned to study the question of inclusions in the de¬ 
posit if time permitted. 

This program was in the main carried out except for the 
matter of the inclusions for which, owing to unexpected de¬ 
velopments in some of the other work, there was not sufficient 
time. It seems worth while to call attention to these new 
developments at the present time. 

Throughout the following discussion the apparatus and 
methods which have heretofore been used and described by 
Prof. Hulett and his students are designated as the Princeton 
apparatus or method. Similarly also we shall refer to the 
Bureau apparatus and methods as previously described in 
the recent publications of the Bureau of Standards on this 
subject. 
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11; Comparison of the Voltameters 
a. Preliminary Work 

A preliminary comparison of the voltameters was made in 
four experiments (of which the first is designated as a trial 
experiment) to determine the relation of the Princeton volt- 

Table I 

Preliminary Comparison of Voltameters 
(No. 27 and No. 28 are B. S. voltameters; I and II are Princeton 

voltameters) 


Date 

Cup 

1 Deposit 

1 

Mean 

1 Difference 
B.S.-Princ 

! Method of drying 



1 

Mg 

Mg 



Feb.18 

27 

4103-34 

4103.34 

[ 

+5.4 

! Heated to 160® 

1 


28 

I 

(4102.94) 

1 

1 

1 

1 ... 

1 

4103.12 

100,000 

1 

Vacuum dried 


II 

1 4103.12 




Feb. 26 

27 

4090.84 

4090.87 


! Heated to 160° 


28 

4090.90 


+ 10 7 

Heated to 160° 


I 

4090.39 

4090.43 

100,000 

Heated to 160° 


II 

4090.47 



: Heated to 160° 

Mar. 7 

27 

4118,32 

4118.34 

+ 17-7 

: Heated to 160° 

1 Heated to 160° 


28 

4118.36 



1 


I 

4117.54 

4117.61 

100,000 

Heated to 160° 


II 

4117.68 



Heated to 160® 

Mar, 20 

27 

4094.55 

4094-55 


Heated to 160° 


28 

I 

4094-55 


+ 7-7 

Heated to 160° 

1 

4094.23 

4094.235 

100,000 

Heated to 160° 

II 

1 

4094.24 



Heated to 160° 




+ 10.4 




Mean, 100,000 
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ameters with those of the Bureau of Standards. In each case 
the voltameters were assembled and treated in accordance 
with the customary procedure. But the electrolyte used in 
all the voltameters of any experiment was always the same’ 
so that we have a comparison of the voltameters them-selves 
not involving any differences due to the preparation of the 
silver nitrate. The voltameters were all of the porous cup 
variety. * 

The values are given in Table I. On the average the 
deposits in the Bureau voltameters exceeded those in the 
Princeton voltameters by about ten parts in one hundred 
thousand. 

A systematic search was now begun for the cause of this 
difference. In Table II we give the physical aspects of the 
voltameters employed. 

Differences in the method of washing the deposits proved 
to be important and without doubt influenced the results 
given in Table I. We shall describe under the heading 
“Washing the Deposits” the experiments which we made 
in this connection. The essential fact here is that according 
to the Princeton method the voltameters always stood over 
night filled with distilled water, while the Bureau procedure 
has been to complete the washings of the deposit at once, 
unless the lateness of the hour made it convenient to allow the 
cups to remain filled with water over night. This was a most 
unexpected result and on examining the matter carefully we 
have discovered that when water is allowed to stand on silver 
which has been deposited on platinum a slow and progressive 
loss of silver takes place. During the interval between closing 
work for one day and beginning the next the loss is appreciable 
in amount. 

Comparative determinations of the acidity of the elec- 


* This electrolyte was prepared according to the methods of the Bureau 
of Standards. Bulletin Bureau of Standards, 9, 524 (1913). 

* Details of construction of these voltameters are given in Trans. Am. 
Electrochem. Soc., 12, p. 257; 22, p. 367; and Bulletin Bureau of Standards, 9» 
p. 151. 
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trolyte for the various voltameters before and after the elec¬ 
trolysis showed the following results. These tests were made ac¬ 
cording to the method described by Rosa, Vinal and McDaniel, ‘ 
except that methyl red was employed as an indicator instead 
of iodeosin because it is much more convenient to use and seems 
to be equally reliable. 

The acidity measurements are given in Table III. 

Table III 

Changes in Acidity of Electrolyte for the Preliminary Experiments 


Date 

1 

; 

' Initial 

j acidity 

1 

I Final 

cathode 
acidity 

1 Increase ! 
j B S. cups 

Increase 

Princeton 

cups 

Feb, 18 

! 

i 27 

: 0*5 

X 

io“® 

I 

1.2X10-'® 

0.7 X lO’“®| 

_ 


1 28 

; 0.5 

X 

J 0~6 

1 2.1 X lo”'® 

I1.6 X lo-® 

— 


; I 

0.5 

X 

IO~6 

; — 

i — 

— 


I 

1 0,5 

X 


1 

i — 1 

— 

Feb. 26 

i 27 

. 0.9 

X 


I 1.9 X lo"* 

i i.o X io”®i 

—• 


; 28 

; 0.9 

X 

lO"’® 

! 2.1 X 10"* 

11.2 X IQ-®! 

— 


I 

0.9 

X 

IO~6 

1 

1 — 

— 


II 

; 0.9 

X 

lO”"® 


— 

— 

Mar. 7 

27 

1 0*9 

X 

JO-6 

2.3 X ro-« 

1.4 X IO-® 

— 


28 

; 0.9 

X 

10-6 

2.7 X 10-® 

ji.8 X 10-® 

— 


I 

i 0.9 

X 

IO“® 

15.7 X 10-® 

— 

14.8 X io-‘ 


II 

i 0.9 

X 

lO*"® 

7.3 X 10-* 

— 

6.4 X io“* 

Mar. 20 

27 

i 0.6 

X 

lO’^® 

0.6 X IO-* 

0.0 X io~® 

— 


28 

1 0.6 

X 

IO~® 

1.6 X io“® 

1.0 X io“® 

— 


I 

i 0.6 

X 

lO""® 1 

4.6 X JO“® 

— 

4.0 X 10-* 

! 

1 

II 

i 0.6 

1 

1 

X 

10“"® 

1 

7.0 X 10-® 

Average, i 

1.1 X 10-® 

6.4 X 10-* 

7.9 X io“* 


It thus appears that the change in acidity of the elec¬ 
trolyte is appreciably greater in the case of the Princeton 
voltameters than in the Bureau of Standards voltameters. 
The reason for this appears to involve the question of the equi¬ 
librium of the porous cup and the silver nitrate solution which 
wefshall discuss more at length farther on. It will be noted 
in Table II that the method of treating the porous cups was 


^ Bulletin Bureau of Standards, g, p, 526. 
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different in the two cases. Our results showed that when the 
same procedure for preparing the two kinds of porous cups 
was employed they yielded the same results. The difference 
between the Princeton and the Bureau's results is not, there¬ 
fore, to be attributed to the fact that the porous cups were 
made by different makers^ and from different materials. 

b. Final Comparison of the Voltameters 

Working on the assumption that the difference between 
the Princeton voltameters and the Bureau's voltameters was 
due partly to the differences in the length of time that the de¬ 
posits were washed and partly to the difference in the method 
of preparing the porous cups, two experiments were made in 
which these differences were eliminated. The washings for 
all were done as expeditiously as possible and the porous cups 
for the Princeton voltameters were put into silver nitrate 
solution the day before each experiment. This solution was 
changed several times so that the equilibrium between the 

Table IV 

Final Comparison of Voltameters 

(No. 27, 28 are Bureau of Standards Voltameters; I and II are 
Princeton Voltameters) 


Date i 

1 

Cup 

Deposit 

Mean 

Difference 

B. S.-Princ. 

Method of drying 

1914 

June 19 

28 

1 

Mg 

4113*29 

1 

Mg : 

4113.29 : 

—0.5 

Heated to 160® 

June 23 

n 

27 

28 

4113*31 

4133*56 

4133*53 

4113*31 

4133*545 

100,OCX) 

+0.3 

Heated to 160^ 
Heated to 160® 
Heated to 160^ 


I 

n 

4133.60 

4133*47 

1 4133*535 

100,000 

Heated to 160*^ 


o 


Mean, 100,000 

* The Princeton voltameters contained porous cups made by John Had¬ 
dock & Son of Trenton, N. J. The Bureau voltameters contained porous cups 
made by the Konigliche Porzellan Manufaktur of Berlin. 
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pcn*ous cup and the neutral solution might be as complete as 
possible and similar to the method of keeping the porous cups 
in silver nitrate as has been done at the Bureau. 

Table IV gives the results of these two experiments in 
which some gold cathodes were also used, but we give here only 
the results of the platinum cathodes for comparison with 
Table I. It can be seen from Table X that the results 
with the gold cathodes were equally concordant. 

The values obtained in these last comparisons show very per¬ 
fect agreement. The changes in acidities of the electrolytes 
also were about the same for the two forms of voltameter. 
The results of the acidity measurements made as before are 
given in Table V. 


Table V 


Date 

I ' 

Cup 1 

! 

1 

Initial 

acidity 

Final 

cathode 

acidity 

1 

Increase 

B S. cups 

Increase 
Princ. cups 

1914 

i 





June 19 

28 ! 

0.8 X iO~"® 

; 3.1 X lO"” 

2.3 X io“® 

— 


II 

0.8 X io~ ® 

2.9 X io~* 

; — 

2.1 X 10”"® 

June 23 

27 

0.8 X 10’ ^ 

3.1 X io~* 

; 2.3 X IO-® 

— 


28 

0.8 X io~® 

4.1 X 10 

13.3 X IO-' 

1 - 


I ; 

0.8 X 10"® 

: 3.5 X ro-' 

i — 

i 2.7 X IO-® 

* 

II j 

0,8 X 10“"® 

i 2.5 X io“* 

1 - i 

1 1.7 X io“® 




Mean, 

2.6 X io~® 

2.2 X io“® 


in. Washing’ the Deposits 

The practice of nearly all observers has been to continue 
the washing of the deposit until the presence of silver nitrate 
can no longer be detected in the wash waters by chemical 
tests, but many have taken the further precaution of allowing 
distilled water to stand on the deposit for a considerable period 
of time. In considering this matter we found the fact that 
chemical tests for the presence of silver were not particularly 
satisfactory when we were concerned with very small amounts 
of silver nitrate in the wash waters. In our final washings 
we were using “conductivity” water, and soon found that the 
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diange of conductivity of this water was a most admirable 
method for determining the completeness of the wa^ng. 
The increase in conductivity due to dissolved silver nitrate 
was entirely reliable when we used a blank, that is a clean 
platinum cup similarly filled with conductivity water and 
standing beside these containing the deposit. We could rapidly 
make tests of the water standing on the deposit and also that 
standing in the dean platinum cup. These observations showed 
a most unexpected state of affairs which led to a special 
investigation. 

It was found in the beginning that, when conductivity 
water was put into the cups containing the deposits and al¬ 
lowed to stand only a short time, the increase in conductivity 
of the water was very .small provided of course that the silver 
deposits had been washed in the usual manner. This is illus¬ 
trated by meastuements on the final wash water for No. 27 
and No. 28 in the experiment of March 8th. This last water 
was allowed to stand on the deposits for five minutes. 

Conductivity of water originally 0.98 X io~* at 20° C 

Conductivity of water taken from No. 27 i.oo X io“® at 20" C 

Conductivity of water taken from No. 28 1.05 X io“® at 20® C 

It was found, however, that in the case of Cups I and II of 

the same experiment which had been washed as thoroughly 
as No. 27 and No. 28 that the last water which stood in them 
over night showed a distinct increase in conductivity. After 
standing about 10 hours we found : 

Conductivity of water originally 1.44 X io~* at 20® 

Conductivity of water taken from I 2.85 X io“* at 20® 

Conductivity of water taken from II 3.00 X io“* at 20® 

This increase in conductivity suggested that some silver 

nitrate was actually soaking out of the crevices, but repeti¬ 
tions of this soaking process showed only small differences. 
That is, instead, of the silver nitrate all coming out on con¬ 
tinued washing so that the water could finally stand on the 
deposit without sensible change, as it does in a clean platinum 
cup, we found that the effect would repeat itself after a number 
of washings. 
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This effect is best-illustrated by the measurements made 
on Cups I and II of the experiment of April 4th. These 
cups had been thoroughly washed five times and also soaked 
over night before the measurements recorded below were 
begun. The following table shows the increases in conductivity 
observed in this case. 

Table VI 


Date 

1 

Cup 

No. of 
wash 

1 water 

I 

Duration of 
washing 

Increase in 
conductivity 

1 

j Increase 

1 Time 

j 

1914 
Apr. 5 

I 

J ^ 

Hours 

10 

1.03 X 

lO*"® 

i 

j X ior« 

! 0.103 


II 

i 7 ! 

10 

1.02 X 

IO~® 

0.102 

Apr. 6 

I 1 

f 8 j 

I 12 

1-23 X 

IO-® 

‘ 0.1026 

1 

II 

8 1 

i 12 

1.02 X 

IO~® 

0.085 

1 

I 

9 

! 12 

1.25 X 

IO~® 

0.104 


II 

9 

1 12 

1.08 X 

10-6 

0.090 

Apr. 7 

I 

10 

i 11V2 

1.09 X 

IO~® 

0.095 


II 

10 

1 IlVs 

1.05 X 

IO“® 

1 0.091 


Mean I, o.ioi 
Mean II, 0.092 


In the case of each wash water that stood on the deposit 
over night we could detect the presence of silver chemically 
by concentrating the solution in a platinum dish to about 10 
cc and testing it with potassium iodide. These tests were 
always conclusive and left no room for doubt that silver was 
actually in solution in the water. 

In searching for an explanation of this phenomenon we 
tried letting a sheet of pure silver stand in conductivity water 
in a glass beaker that had been thoroughly steamed and other¬ 
wise cleaned. The glass did not cause a significant increase 
in the conductivity of the water as we had ascertained by pre¬ 
vious experiment. When the silver was immersed in the con¬ 
ductivity water contained in this glass no change in conduc¬ 
tivity was observed other than a very small, gradual increase 
due to contact of the air. The experiment was continued for 
one hundred and sixty-six hours and to confirm it we repeated 
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it with another beaker and another piece of silver. The 
numerical results of these two experiment are given in Table 
VII and plotted together as Curve I in Fig. i. 


Table VII 

(Conductivities Corrected to 20“ C) 


Date 

Sample 

Time 

Increase in 
conductivity 

Remarks 

1914 

May 13 

A 

Hours 

13 

0.14 X 10™* 

First water 

15 

B 

23 

0.12 X 

First water 

14 

A 

24 

—0.05 X io“®(?) 

Second water 

16 

B 

34 

0.06 X io“® 

Second water 

15 

A 

48 

0.05 X io“* 

Second water 

18 

B 

70 

0.04 X io~® 

vSecond water 

16 

A 

82 

0.34 X io~® 

Second water 

18 

A 

118 

0.13 X io~® 

Second water 

20 

B 

I18 

0.21 X lo"® 

Second water 

20 

A 

i 166 

0.35 X IO-® 

Second water 


Taking the final values, 0.35 X 10"® at 166 horns for 
A and 0.21 X 10“ ® at 118 hours for B we find that the rates of 
increase for A and B are as follows: 

A 0.0021 X io~® per hour 
B 0.0018 X io“* per hour 

Comparing this with the results of Table VI where the silver 
was deposited on the platinum we find 

I 0.101 X io~® per hour 
II o. 092 X io~® per hour 

That is when the silver is deposited on platinum it affects 
the conductivity of the water at least fifty times as fast as 
when the platinum is absent. Probably the effect is very 
much greater than this since one may reasonably say that the 
increase in conductivity of the water standing on silver in the 
beakers is due largely, if not entirely, to dissolved substances 
from the glass and the contamination by the air. In any case 
the observed differences are large enough to be unmistakable. 

Curve II of Fig. i shows the increases in conductivity 
of the water plotted against time. The various points are 
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results for various deposits in various experiments and made 
under widely varying conditions. In some cases the deposits 
had been dried and weighed before the deposits were put to 



soak in water; in other cases they were not. In some cases 
the results are for the third wash water and in others for even 
the twelfth. Consequently it is not surprising that the points 
do not lie more closely to the curve. We do not wish to lay 
emphasis on the position or form of the curve as we have drawn 
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Date 

1914 

Mar. 8 
Mar. 21 
Apr. 4 
Apr. 5 
Apr. 5 
Apr. 6 

Apr. 7 
Apr. 30 

May I 
May 2 

May 4 
May 5 
May 6 

May 7 
May 21 

May 21 
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Tabi.® VIII 

Conductivities of Wash Waters 


Cup 

No. of 
wash 
water 

Duration 
of wash¬ 
ing 

Observed 

conduc¬ 

tivity 

Conductivity 
of water 
initially 

Increase 
in conduc¬ 
tivity 

Deposit 

pre¬ 

viously 

dried? 



Hours 

X io~« 

X io-« 

X I 0 -* 


27 

6 

V. 

1.05 

0.98 

0.07 

No 

28 

6 

Ve 

1.00 

0.98 

0.02 

No 

27 

6 

13 

2 .00 

I .00 

I .00 

No 

28 

6 

13 

2.00 

I .00 

I .00 

No 

27 

5 

Ve 

1.07 

0.93 

0. 14 

No 

28 

5 

V. 

• 1.08 

0.93 

0.15 

No 

27 

6 

12 

2.01 

0-93 

1.08 

No 

28 

6 

12 

2.04 

0.93 

I . 11 

No 

I 

7 

10 

2.09 

1.06 

I .03 

No 

II 

7 

10 

2.08 

1.06 

I .02 

No 

I 

8 

12 

— 

— 

I 23 

No 

II 

8 

12 

— 

— 

I .02 

No 

I 

9 

12 

— 

— 

I 25 

No 

II 

9 

12 

— 

— 

1 .08 

No 

I 

10 

IIV2 

— 

— 

I .09 

No 

II 

10 

iiV« 

— 

— 

1.05 

No 

27 

7 

Vl2 

I . 10 

0.96 

0. 14 

Yes 

27 

8 

VI2 

I 09 

0.96 

0.13 

Yes 

27 

9 

Ve 

I .06 

0.96 

0. 10 

Yes 

27 

1 9 

16 

2.04 

0.96 

I .08 

Yes 

27 

1 10 

I 

I 97 

0.96 

I .01 

Yes 

27 

1 

1 24 

2.36 

0.96 

1 .40 

Yes 

27 

1 10 

64 

2.69 

0.96 

1-73 

Yes 

27 

II 

12 

1.80 

0-95 

o.8i 

Yes 

27 

12 

16 

1.66 

0-95 

0.71 

Yes 

27 

12 

24 

1-95 

0.95 

1.00 

Yes 

27 

12 

40 

2.31 

0-95 

1.36 

Yes 

27 

3 

V2 

1.02 

0.96 

0.06 

No 

28 

3 

V2 

1.02 

0.96 

0.06 

No 

125 

1 3 

V2 

1.00 

0.96 

0.04 

No 

27 

i 3 

1V4 i 

1.21 

0.96 

0.25 

No 

28 

1 ^ 

1V4 ' 

I 15 

0.96 

0.19 

No 

125 

3 

1V4 


0.96 

0.19 

No 

27 

3 

2V4 1 

1-30 i 

0.96 

0.34 

No 

28 

3 

2V4 

1-33 

0.96 

0.37 

No 

125 

3 

2V4 

1.30 

0.96 

0.34 

No 

27 

4 

2V4 

1*32 

0.96 

0.36 

No 

28 

4 

2V2 

1.30 

0.96 

0,34 

No 

125 

4 

2V4 

1-39 

0.96 

0.43 

No 

27 

4 

3V4 

1-57 

0.96 

0.61 

No 

28 

4 

3V4 

1.48 

0.96 

0.52 

No 

I2«? 

4 

3V4 1 

1.52 

0.96 

0.56 

Ncr 
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Tabib VIII (Continued) 
Conductivities of Wash Waters 




No. of Duration* Observed iConductivity 

Increase 

Deposit 

Date 

Cup 

wash 

of j 

condu - 

of water 


in con- 

pre- 



water 

washing j 

1 

tivity 

! initially 


ductivity 

viotisly 

dried? 

1914 



I ' ’ ; 

Hours 

X io“® 

' X lo-* 


X lo"* 


May 22 

I 

4 

25 

2.77 

0.93 


1.84 

No 


II 

4 

25 

2.00 

; 0.93 


1.07 

No 

May 23 

I 

4 

50 1 

3 20 

j 0.93 


2.27 

No 


II 

4 

50 

2.40 

0 93 


I 47 

No 

May 24 

I 

4 

64 1 

3*50 

0.93 


2.57 

No 


n 

4 

64 

2.60 

0.93 


1.67 

No 

May 25 

27 

5 

49 i 

4-55 

0.96 


3-59 

Yes 


125 

5 

49 i 

4-45 

0.96 


3*49 

Yes 


! 27 

5 

57 

5.00 

0.96 


4.04 

Yes 


1 125 

5 

57 1 

4.78 

0.96 


3.82 

Yes 

May 26 

27 

5 

73 ! 

5-55 

0.96 


4-59 

Yes 

1 

125 

1 5 : 

73 ; 

5-34 

0.96 


4 38 

Yes 


27 

5 : 

82 V2 1 

5.88 

0 96 


! 4-92 

Yes 

! 

125 

1 5 ' 

82 >A ' 

5-75 

0.96 


1 4-79 

Yes 

May 27 1 

27 


95 ; 

6.19 

0.96 


I 5*23 

Yes 


125 

i 5 ’ 

95 ' 

6.09 

0 96 


5 14 

Yes 


27 

5 ' 

106 

6-54 

0.96 


5.58 

Yes 


125 

5 , 

106 ; 

6.44 

0.96 


5 48 

Yes 

May 28 

27 

5 

119 ’ 

6,91 

0.96 


5*95 

Yes 


125 

5 

IJ 9 

6.84 

1 0 96 


5.88 

Yes 

May 29 

27 

5 

144 j 

7 05 

0.96 


6.09 

Yes 


125 

5 

144 

7-44 

' 0.96 


6.48 

Ye.s 


it, for this may be open to question, but the one fact that de¬ 
serves attention is that all the results unite in showing that the 
conductivity of water standing on silver deposited on platinum 
increases at a much greater rate than when the water is stand¬ 
ing on silver in a glass vessel. 

We give in Table VIII complete data from which the 
curves in Fig. i are plotted. All the conductivities were 
measured at room temperatme which averaged about 23° 
and ranged from 21 ^ to 25 °. Since we were primarily interested 
in the increases of conductivity rather than the absolute con¬ 
ductivities the corrections for temperature are negligible. 

One might readily assume that this increase in conduc- 
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tivity of the water is due to entrapped silver nitrate soaking 
gradually out in spite of the evidence in Table VI that the 
effect repeats itself. We, therefore, took one of the sheets 
of silver used for the results recorded in Table VII and put 
it to soak in conductivity water in a platinum cup. The 
silver rested on the bottom of the cup. The results were as 
follows: 

Tablb IX 


Date 

Elapsed 

time 

Increases in 
conductivity 

Remarks 

1914 

May 26 

" ■ i 

2‘A 

None 

Water in Pt cup. No silver 

26 

3V4 

0.06 X 

Silver in the cup 

26 

6V4 

0.14 X 

27 

19 

0.38 X 


27 

30 

0.58 X io~® 


28 

43 

0.86 X 10“"* 


29 

68 

1.40 X 



These results are shown in the Curve I of Fig. 2. 
For comparison we have also plotted the results when the 



sheets of silver stood similarly in a glass beaker. This is the 
same curve as I in Fig. i. The difference is smaller than 
is shown in the curves of Fig. i but shows the effect quite 
certainly. To complete this test we boiled down the water 
that had stood on the sheet silver in a platinum cup and tested 
it chemically for silver. We found this solution to contain 
silver just as we had found in the case of the silver deposits. 
In this case there was no possibility of silver nitrate producing 
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this effect. These results indicated an electrochemical action 
by which the silver passed into the solution. 

Accordingly, we made the following experiment to see 
whether evidence of an electric current passing from the plat¬ 
inum to the silver and into the water could be found; A 
platinum bowl filled with the best conductivity water was 
connected to the + terminal of a high resistance potentiometer. 
In this and resting on the bottom was placed a sheet of silver 
(used in the experiments recorded above). This was connected 
to the negative terminal of the potentiometer. At a con¬ 
venient time the silver was raised slightly and held in position 
in the water but not in contact with the platinum cup. We 
then took the readings which are plotted in Curve I of 
Fig. 3. Curve II shows a similar curve for a gold cup 



instead of the platinum. These results confirmed the idea that 
an electrolytic phenomenon was taking place. In a few cases 
we measured the loss of silver from the platinum bowl at the 
conclusion of the soaking process, either by estimating the 
silver in the water by the silver chloride produced by KCl 
after acidif)dng the solution or by reweighing the cup. We 
also tried estimating the silver by ammonium sulphocyanate 
but without satisfactory results because of the extremely small 
quantities involved. The results recorded below are not very 
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concordant but show that the losses of silver from the cathode 
bowl are about the same order of magnitude as the amounts 
of silver fotmd in the water. If we take 0.006 n^ as the 
average amount lost to the cathode deposit per hour from 4 g 
of silver deposited on platinum we see that soaking the deposit 
for one day of twenty-four hours means a loss of from 3 to 4 
parts in 100,000 of a four-gram deposit, and that soaking the 
deposits over night (about 16 hours) quite certainly means 
a loss of 2 in 100,000 of the deposit. In many cases the rate 
may be much greater than this, since probably a slightly 
higher conductivity in the water initially would increase the 
rate. Perhaps the reason that the effect seems greater at the 
start than after a long time is due to a gradual polarization. 


Table IX 



1 

1 



(I) 

(2) 




1 


Increase i Loss of 

Loss of 

Ratio: 

Ratio: 

Date 

Cup 

Hours 

in con- 

silver by 

silver by 

(i) 

(2) 


1 


ductivity 

weigh- 

determ. 

Hours 

Hours 


j 

i .. 



ings 

of AgCl 



1914 

1 

1 


X lo-* 

Mg 

Mg 



May I 

i 

16 

I ,08 

0.21 

— 

0.013 

— 

May 4 

1 

64 

1-73 

0.34 

0.49 

0.005 

0.008 

May 7 

1 

40 

1.36 

1 

0.20 

— 

0.005 

May 29 

1 27 

144 

6,09 

1 0.67 

0.52 

0.005 

0.004 

May 29 

i 125 

144 

6.48 

i 0.64 

0.53 

0.005 

0.004 






Mean, 

0.007 

0.005 


Mean of all 0.006 mg per hom from 4 g of silver on plat¬ 
inum. 

This loss of silver during the washing of the deposits, 
of course, shows that the deposits should be washed and dried 
immediately. 

One further point in this connection remained to be 
investigated. While it seemed fairly certain from the above 
experiments that an electrochemical action was talring place, 
there still remained the possibility that a little silver nitrate 
entrapped behind the crystals might be slowly snaVing out 
and adding tx> the observed effects. Accwdingly, we tried 
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the following experiment: Two cups, No. 25 and No. 125, 
of the run of May 21st were filled with water for 144 hours 
while an exactly similar cup, No. 28, remained dry. We 
scraped down half the silver deposit in No. 27 and No. 28 
with a clean platinum spatula and then put 50 cc of conductiv¬ 
ity water in each for five minutes to dissolve whatever 
AgNOs might have been trapped between the crystals and 
the platimun. If the soaking process appreciably lessened 
the amount of AgNOj entrapped, we should expect the con¬ 
ductivity of the water put in No. 28 to be increased more than 
that put in No. 27. The results given below show that this 
is not the case. To find what increase in conduetivity of 
the water would take place, due to mere contact with the de¬ 
posit not scraped down, we put 50 cc. in No. 125 for 5 minutes 
also. This affords a blank exjjeriment and the results are to 
be subtracted from those found for No. 27 and No. 28. The 


results are as follows: 

Conductivity of water initially. 0.98 X io“® at 22.5° 

Blank experiment (water from No. 125). 1.35 X io~* at 22.5° 

Increase to be subtracted from others. 0.37 X io~* at 22.5 ° 

Water from No. 27 which was soaked for 144 

hours. 1.56 X io“*at22.5° 

Net increase for No. 27 after subtracting blank 0.21 X io~® at 22.5° 
Water from No. 28 which was not soaked.... 1.49 X io~® at 22.5° 

Net increase for No. 28 after subtracting blank 0.14 X io~* at 22.5° 


If we may assume that these small net increases for No. 27 
and No. 28 represent silver nitrate trapped between the silver 
and the platinum we may estimate the whole amount of such 
silver nitrate for each cup and find for 

No. 27 0.03 mg 
No. 28 0.02 mg 

The conclusion of the whole matter is, that prolonged 
washing of the silver deposits produces a measurable diminu¬ 
tion in deposit and it is, therefore, advisable that the deposits 
should be washed as speedily as possible. 

IV. Comparison of Deposits on Gold and Platinum Cathodes 
The Princeton gold cups are quite different in appearance 
from those of the Bureau of Standards. The former are 
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more yellow than the latter which have a greenish yellow 
appearance. It is believed that the Princeton cups are of 
the purer gold. These gold cups were compared in only the 
last two experiments although one of the Biu'eau of Standards 
cups was used in several previous experiments for other pur¬ 
poses. The results are given in Table X and show the sub¬ 
stantial agreement of the deposits on gold and platinum ca¬ 
thodes of both the Princeton voltameters and the Bureau of 
Standards voltameters. 

Table X 


Comparison of Gold and Platinum Cathodes 

(Nos. 27, 28, 125, 126 are Bureau of Standards Cups; I, II, III, IV 
are Princeton Cups) 


i 


Date 

Cup Material 

Deposit 

Mean 

1914 


Mg 


June 19 

28 platinum 

4113.29 



125, gold 

4113.27 

4113-31 


II platinum 

4113-31 



III . gold 

4113-37 


June 23 

27 platinum 

4133-56 



28 platinum! 

4133-53 

I 


125 , gold 1 

i 41.33-62 


1 

126 gold 1 

4133-58 

4133-57 

1 

I platinum 

4133-60 

1 


11 platinum i 

4133-47 


1 

i 

III gold i 

4133-69 


1 

IV gold ! 

4133-52 



Remarks 


gold-platinum = 


gold-platinum = 


100,000 


100,000 


Mean excess of deposits on gold over those on platinum is: 

1.1 

100,000 

which we consider excellent agreement. 

These experiments do not explain the results of Dr. 
Buckner using the Princeton platinum and gold voltameters 

where he found an excess of in the deposits on gold 

over those on platinum. We are at a loss to assign a reason 
for the differences which he foxmd since no such differences 
developed in oiur work, but we incline to the belief that the 
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cause must have been in the electrolyte. We think that the 
fact that such a case may arise emphasizes the necessity of 
making the proposed international specifications rigid in re¬ 
quiring platinum cathodes since that is the most generally 
used. 


V. Compaplson of Popous Caps fpom Oiffepent Soupces 

The porous cups used in the Princeton voltameters were 
made by John Maddock and Son of Trenton, N. J., while 
those used by the Bureau of Standards in its previous work 
and for the most part in the present work also were made by 
the Konigliche Porzellan Manufaktur of Berlin, Germany. 
The American made porous cups have a great advantage in 
having vitreous tops, but in their original condition they are 
too thick to be easily prepared for the voltameter. This 
difficulty was overcome by grinding down the sides and bottom 


Table XI— Comparison of Voltameters Using Different 
Makes of Porous Cups 


Date 


Porous 

pots 


i B. A 
' volt- 
: ameters 


i Prince- 
• ton volt- 
! ameters 

Mg 1 


Mean 
of all 


Mg I Mg i 

13667.97: 


Observer 


1914 1 Mg , Mg 

June 17' Trenton ,3667.92,—o. 05 
' Berlin j3668.02 +0.05! 
June 19! Berlin 4113.29—o.o2j 
i Berlin 4113.27!—o. 04j 


I Trenton | 14113.311 0 . 004113.311 

i ’ I ‘ 

Trenton I i j 4 ii 3 . 37 ;+o,o 6 

June 23 jBerlin 4133 . 561 —o oij 
Trenton I 4133 • 53 "-o • 04 
Berlin I 4133.62 + 0.05 
Berlin 14133.58 + 0.01 
Trenton! 

Trenton | 

Trenton | 

Trenton l i 14133 . 521 —o. 051 


4133,6(^+0.03 
14133 -47 
14133 *691 


~-o.io| 

+O.I 2 j 


4133*57 


Vinal 

Vinal 

Vinal 

Vinal 

Vinal 

Hulett 

Vinal 

Hulett 

Vinal 

Vinal 

Vinal 

Vinal 

Hulett 

Hulett 

Hulett 

Hulett 


Average deviation of Berlin pots from mean +0.007 mg 
Average deviation of Trenton pots from mean —0.002 mg 
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with carborundum paper until the walls were about i mm 
thick. Tests were made of the solubility of the porous ma¬ 
terial of both kinds of cups and these showed that, after an 
initial washing to remove the free alkali, the cups could stand 
for hours in double distilled water without producing any 
significant increase in its conductivity. 

In Table XI we give a comparison of results using these 
two kinds of porous cups. This table contains all the com¬ 
parative results in which the porous cups were prepared as 
described in the Bmeau of Standards Bulletin IX, p. 185. 
The agreement of results with these two makes of porous cups 
is very satisfactory. 

VI. Summary 

We have made a comparison of porous cup voltameters 
that differ considerably in size and shape and particularly 
in the manufacture of the porous cups. We find that when 
the porous cups are brought into equilibrium with the elec¬ 
trolyte as shown by acidity tests that all the voltameters 
are in excellent agreement. 

We have found that when the voltameter cups containing 
deposits are allowed to stand filled with water (even con¬ 
ductivity water) that a progressive solution of the silver 
takes place. That this is a galvanic action we have shown 
in several ways. The discovery of this effect makes it seem 
desirable to wash the deposits quickly. 

Throughout the present work we have used methyl red 
as an indicator in the acidity measurements and have found 
it to be preferred to iodeosin because it is much simpler to 
use and at the same time gives sufficient accuracy. 

Laboratory of Physical Chemistry 
Princeton University 
July 1, IQ14 



[Contributions from the Department of Chemistry of Coi^umbia Uni¬ 
versity, No. 244] 

IONIZATION EQUILIBRIUM! 

BY JAMES KENDALL 

The well-known dilution law for weak electrolytes: 

7 V(i — y)^ — k; or c,Vc» = k .(i) 

(where 7 = fraction ionized, v = dilution, c,- = ionic concen¬ 
tration, = concentration of the undissodated part, k = dis¬ 
sociation constant) formulated by Ostwald in 1888 from the 
law of mass action, was one of the earliest and strongest con¬ 
firmations of the dissociation theory of Arrhenius. The 
ionization equilibrium of all normal members of the class of 
weakly-ionized acids was shown by Ostwald to be represented 
by the above law; a similar proof for the weak bases was given 
by Bredig in 1894. The remaining electrolytes, however 
(strongly-ionized acids and bases, and all salts) have not yet 
been brought into line with the law of mass action; the various 
formulas that have been proposed to express their ionization 
equilibrium, such as the van’t Hoff equation, 7^/(1 — y)h> = c, 
are merely empirical. 

Later investigations have shown that exact agreement 
with the dilution law is to be obtained only within certain 
limits even in the case of weak electroljdes. No definite 
line of demarcation can be drawn between weak and strong 
acids; one class merges into the other through the intermediate 
“transition” electrolytes. These deviate more and more 
appreciably from the dilution law as their acidic strength 
increases; the weaker approximate very closely to the Ostwald 
equation; the stronger approach more nearly the formula of 
van’t Hoff. The dilution law is, therefore, to be regarded 
as a limiting case, divergences from which increase rapidly 
with the strength of the electrolyte. 

^ A paper presented before Section of Astronomy, Physics and Chemistry 
of the New York Academy of Sciences, November i6, 1914* 
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Furthermore, although any deviations from the dilution 
law in dilute solutions of weak electrolytes lie wholly within 
the limits of experimental error, exact agreement being ob¬ 
tained in the most accimate work, yet, in more concentrated 
solutions, the divergences become appreciable. The law is 
consequently found, on examination, to break down in two 
directions. 

In the first place, it is followed exactly only if the ionic 
concentration is small. When a certain limiting ionic concen¬ 
tration (approximately o.oi N) is exceeded, the dissociation 
constant begins to increase, and increases steadily with Cf. 
Divergences from the dilution law in this direction are, there¬ 
fore, found in all strong electrol)rtes, and in many of the transi¬ 
tion electrolytes at the higher concentrations. This is known 
as the “anomaly of strong electrolytes.’’ 

In the second place, the law is followed exactly only if 
the total concentration of the electrolyte is small. The limit 
of exact applicability is found to lie between i; = 32 and v — 16 
for typical weak electrolytes. In more concentrated solutions 
the dissociation constant shows a decrease, which becomes 
more and more rapid with increase of concentration. This 
constitutes the “anomaly of concentrated solutions.’’ 

It must be understood that the limits stated above are 
only approximate, since it is evident that the deviations will 
be capable of observation at a greater dilution, the greater 
the accuracy of the experimental work. In certain cases also 
where both disturbing factors are present in the same solution, 
the influence of each upon the dissociation constant will 
be obscured, since one effect tends to counterbalance the other. 
The anomaly of strong electrolytes and the anomaly of con¬ 
centrated solutions are therefore studied separately in the 
following pages, which contain a critical examination of the 
divergences from the dilution law as exhibited by adds of 
widely-varying strengths in aqueous solution. 

It is necessary first of all to give a brief explanation of 
the experimental method for the exact determination of the 
dissodation constant of an dectrolyte. 
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Determination of the Dissociation Constant 

In the form y^/{i — y)v = k the dilution law of Ostwald 
is not accessible to direct test; in order to evaluate k we must 
know the degree of ionization, y, at any dilution, v. For this we 
have at our service the fundamental relation of Arrhenius, 7 = 
A/Ao (A is the equivalent conductivity at dilution?), A0 the equiva¬ 
lent conductivity at infinite dilution, where the electrolyte is 
wholly ionized). For any given solution, we are able to de¬ 
termine A by direct conductivity measurements, but to ob¬ 
tain 7 we must also determine A(,. This may be done either 
by extrapolation from the results obtained for A through 
a series of high dilutions, or by the measurements of migration 
ratios. The former method gives A# directly, but the accuracy 
of the value obtained is affected by errors of extrapolation. 
The latter method shows the ration between the mobilities 
of the two ions of the electrolyte; if we know this ratio and 
the mobiUty of one ion we can evaluate A„, which is the sum 
of the ionic mobilities. 

In the case of acids, two main difficulties have been en¬ 
countered in the exact determination of A and Ao by the methods 
indicated above. The first has lain in the fact that the mo¬ 
bility of the hydrogen ion was not accurately known, the sug¬ 
gested values ranging from 338 (Rothmund and Drucker) 
to 365 (Noyes and Sammet) at 25° C. The second has been 
that the impurities contained in the water used in conduc¬ 
tivity measurements have prevented the accurate determina¬ 
tion of the equivalent conductivities of acids at very high dilu¬ 
tions, and no trustworthy correction for the influence of 
these impurities has yet been applied. 

In a recent paper,' I have determined by an indirect method 
the mobility of the hydrogen ion, the value obtained being 
347.2 at 25° C, with a maximum divergence of 0.4. In 
the com«e of the same investigation it was found that the 
distinbing influence of the impurities in the water employed 
could, in the case of adds stronger than acetic acid, be neg- 


' Jour. Chem. Soc., tot, 1275 (igia)- 
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lected entirdy if the specific conductivity of the water were 
less than 1.2 X 10“ *. The values obtained for A up to very 
high dilutions may, therefore, be employed in the calculation 
of k without the application of any correction. This paper 
has been subjected to a searching examination by Derick,^ 
who has tested the results by means of a “sensitive precision 
criterion for conductance data” and found them to be com- 
pletdy substantiated. 

The exact value for Ao being established for any dectro- 
l3d;e, we can, by substituting for y in Equation i bring the 
dilution law into the form: 

AVAo(Ao —A)o = K.(2) 

to which experimental data can be directly applied. As an 
example, the results obtained for a typical weak dectrolyte, 
acetic add, are given in the following table: 


Acetic Acid.* 25° C 


V 

A i 

1 100 k 

1357 

6.086 i 

0.001845 

27.14 

8.591 

0.001851 

54.28 

12,09 

0.001849 

108.56 

16.98 

0.001849 

217.1 

23.81 

0.001851 

434-2 

33-22 

0.001849 

868.4 

46.13 

0.001850 

17370 

63.60 

0.001854 

3474-0 

86.71 

0.001855 


387.7 

— 


The constancy of the values obtained for k illustrates the 
high degree of accuracy with which the dilution law is found 
to hold for weak electrolytes at the highest dilutions. The 
dissodation constant is a true constant throughout the entire 
series of concentrations examined. 


1 Jour. Am. Chcm. Soc., 36, 2268 (1914). 
* Jour. Chem. Soc., lox, 1283 (1912). 
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The Anomaly of Strong Electrolytes 

In a weak electrolyte such as acetic acid the ionic concen¬ 
tration is always small, since the degree of ionization in con¬ 
centrated solutions is extremely slight. The results obtained 
from the examination of a more highly ionized electrolyte, 
however, through the range of concentration indicated above, 
are entirely different in character. Here the anomaly of strong 
electrolytes becomes evident. As examples, the figures for 
cyanoacetic acid (with a dissociation constant 200 times that 
of acetic add) and dichloroacetic add (with a dissodation con¬ 
stant nearly 3000 times that of acetic add) are given below; 


Cyanoacetic Acid.* 25° C 



A 

100 ^ (expt) 

ioo[^ 4 - c(i — y )/ y ] 

16.82 1 

88.0 

1 

1 0.400 

0 402 

33 64 i 

117.0 

1 0.392 

0.391 

67.28 

152.5 

i 0.383 

0.383 

134-6 j 

1939 

' 0.378 

0.378 

269 . I 1 

238.7 

; 0.372 

0.374 

538-2 i 

282.6 

0 371 

0.372 

1076.4 

320.0 

i 0.371 

0.370 

21530 1 

347.1 

i 0.371 

0.369 


386.1 

! _ 

— 


k — 0.00368; c = 0.00010 


Dichloroacetic Acid.* 25° C 


V 

A 

100 ife (expt.) 

ioo\k -f c(j — 

16 

231.6 

5-64 

5-65 

32 

273-1 

5-38 

5.34 

64 

309-7 

5-12 

5.14 

128 

338.7 

4-96 

5.02 

256 

359-2 

4-94 

4-94 

512 

371 - 5 

4-96 

4.90 


385-6 

— 

— 


k — 0.0485; c = 0.0120 

For these adds, the dissociation constant is a true constant 
only at very high dilutions; in the more concentrated solutions, 

' Meddelanden fr&n K. Vetenskapsakademiens Nobelinstitut, 3, 38 

(i 9 » 3 )- 
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it shows an increasing value. This increase is more rapid, 
the stronger the acid, as will be seen on comparison of the 
third columns of the above tables. 

The two adds here examined belong to the class of 
“transition” electrolytes, and the divergences exhibited by 
k at the higher concentrations are characteristic of this dass. 
A strong electrol3rte; such as hydrochloric acid (with a dis- 
sodation constant 60,000 times that of acetic add at o.i N 
concentration) would be expected to show a still more marked 
increase in k when the ionic concentration exceeds its limiting 
value, and this is indeed found to be the case. With strong 
electrolytes, however, a difficulty arises in the determination 
of k at the higher dilutions. The ionization is here so nearly 
complete that the expression Ao — A in Equation 2 becomes 
extremely small, consequently experimental errors in the de¬ 
termination of either A or A,, are suffident to vitiate the re¬ 
sults, even of very accurate measurements.^ From the most 
recent work,* however, it appears probable that ultimately, 
when the ionic concentration is very small, strong electrolytes 
also follow the dilution law. 

At higher concentrations, the ionization equilibrium of 
strong dectrolytes may be represented by the empirical 
equation of van’t Hoff, y^/(i — y)’‘v = c. Since the transition 
adds are intermediate in strength between typical strong 
acids (such as hydrochloric add) and typical weak adds (such 
as acetic add) it is to be expected that their ionization equi¬ 
librium may be represented by some equation intermediate 
between those of van’t Hoff and Ostwald. In fact, the fol¬ 
lowing formula has been found to apply exactly: 

7V(i —y)v=‘k + c{i— y)/y .( 3 ) 

This is illustrated in the last columns of the tables for cyano- 

* At any given concentration, Ao — A decreases more and more rapidly 
as the strength of the electrolyte increases. Thus, for the three acids considered 
above, Ao — A at r = 500 has the (approximate) values 350, 110 and 14, re¬ 
spectively. 

* Arrhenius: Meddelanden frAn K, Vetenskapsakademiens Nobelinstitut, 
3, 42 (1913)* 
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acetic add and dichloroacetic add above. The agreement be¬ 
tween the calculated and experimental values for the dissoda- 
tion constant is seen to be satisfactory throughout the entire 
concentration range. 

For the transition acids in general, the constant c in 
Equation 3 is found to increase with the addic strength, 
but much more rapidly. In the case of strong electrolytes, 
c becomes so large that k is negligible in comparison; the 
equation thus reduces to van’t Hoff’s formula. Similarly, 
for the weak electrolytes, c becomes so small that it approxi¬ 
mates to zero; we are left with the dilution law of Ostwald. 
The relation expressed in Equation 3 above is, therefore, 
found to be perfectly general, representing the ionization equi- 
hbrium of adds of all strengths in dilute aqueous solution. 
Van’t Hoff’s formula for strong acids and Ostwald’s equation 
for weak adds correspond to two particular limiting cases. 

Similar equations have recently been brought forward 
by Kraus and Bray* and by MacDougall.- While it is cer¬ 
tainly convenient to be able to represent the ionization equi¬ 
librium of all types of electrolytes in one general equation, 
the fact must always be remembered that such equations as 
have been proposed remain, at present, purely empirical. 
The cause of the increase in the dissodation constant of an 
electrolyte with increasing ionic concentration has still to be 
discovered. Correlation with other abnormalities observed 
in solutions of strong electrolytes, e. g., the catalytic activity 
of the undissodated molecule, will no doubt ultimately lead 
to the solution of the problem. 

The Anomaly of Concentrated Solutions 

Since the expression (i — •y)/t increases as the dilution 
V is decreased, we should expect to find the dissodation con¬ 
stant of a transition dectrolyte increasing more and more 
rapidly, the more concentrated the solution. This, however, 
is not the case beyond a certain limit, as the following figures 
will show: 

' Jour. Am. Chem. Soc., 35, 1315 (1913). 

* Ibid., 34, 855 (1912). 
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Cyanoacstic Acid.* 25® C. 


V 

A 

i 100 k 

, „ ,1 __ 

2 .102 

33-61 

i 0.395 

4.205 

47-30 

i 0.407 

8.41 

65.2 

i 0.408 

16.82 i 

88.0 

1 0.400 


Dichloroacetic Acid.* 25° C. 


t; 


100 k 

I 

81.5 

5-67 

2 

114.9 

6.33 

4 

151-7 

6.38 

8 

190.2 

6.00 

16 

231.6 

5-64 


It will be seen that in both cases the dissociation constant, 
with increase of concentration, reaches a maximum and then 
decreases. We have here the “anomaly of concentrated solu¬ 
tions” coming into play; this effect is sufficient, at the highest 
concentrations given, not only to counterbalance the increase 
in k due to the high ionic concentration, but actually to cause 
k to decrease. 

It is simpler to study the decrease of k at high concentra¬ 
tions in solutions where the ionic concentration effect is en¬ 
tirely absent. This may be done by considering concentrated 
solutions of a weak electrolyte; the figures for acetic acid are 
given below. 

Acetic Acid.* 25° C. 


V 

A 

100 '' 

100 ^ (corrected) 

0.989 

1-443 

0.00140 

0.00184 

1.977 

2.211 

0.00165 

0.00188 

3-954 

3.221 

0.00176 

0.cfoi88 

7.908 

4.618 

0.00181 

0.00188 

15-816 1 

6.561 

0.00184 

0.00187 

31-63 j 

9.260 

0.00185 

o'00186 

63.26 1 

^ 3-03 

0.00185 

0.00186 


* Meddelandes friLn K. Vetenskapsakademiens Nobelinstitut, a, 38 


<1913)- 








Ionization Equilibrium 


201 


From the third coltunn of this table, it will be evident that the 
dissociation constant is a true constant only for solutions less 
concentrated than v = i6; for higher concentrations the value 
obtained decreases, first slowly and afterwards more rapidly. 
There is a correction for the viscosity of the more concentrated 
solutions to be applied to these results, which reduces the di¬ 
vergences to some extent, but a steady decrease in the dis¬ 
sociation constant at the highest concentrations is still evident. 
Fxulher examination into the cause of these divergences is, 
therefore, necessary. 

In the following section, the dilution law itself is critically 
examined and its exact theoretical basis tested. A modified 
form of the dilution law is tentatively proposed, which is 
subsequently applied to the above experimental data and found 
to account for the divergences up to very high concentrations. 

A Modification of the Dilution Law, —The exact significance 
of the Ostwald dilution law wiU first be studied from the simple 
kinetic standpoint. 

We have, for a uni-univalent electrolyte of the type RX, 
the dissociation equation, 

RX R+ -f X- 

from which, by the application of the law of mass action, the 
dilution law is immediately obtained in the form 

c^/cu = k .(i) 

The reaction on the right-hand side of the dissociation 
equation presents no difficulty from the kinetic standpoint. 
The concentration of each ion is c,-, and by the impact of two 
ions of opposite charge the undissodated salt is formed, with 
the mutual neutralization of the charges. The mechanism of 
the equilibrium reaction on the other side of the equation, 
however, is by no means so clear. A definite conception of the 
nature of the reaction on the left-hand side of the equation has 
not yet been obtained, and, in spite of the importance of the 

^ This correction will be found discussed in a previous paper, Jour. 
Am. Chem. Soc., 361 1072 (1914). 
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question, it does not seem to have attracted any great attention, or 
to have been answered in any but the vaguest manner. 

The above statement may be further emphasized by an 
extract from a recent communication by Walden:^ "The 
greater the dielectric constant of the interposed solvent, the 
less is the electrostatic force (between ions of unlike charge), 
and with the greater difficulty does the recombination to elec¬ 
trically neutral molecules take place. Nevertheless, the neutral 
molecules will be formed in the solution. Why then do they 
again break up into ions? For what reason does the neutral 
salt molecule break up into ions at all, as soon as it enters into 
solution? This fundamental question has, up to the present, 
not been answered. Strangely enough, we do not even make 
a serious attempt at its solution.” 

In the dilution law, as it stands, it is tacitly assumed that 
the undissociated molecules RX break up quite spontaneously 
into the separate ions R"*" and X~. The whole equilibrium ia 
taken to be exactly analogous to that existing in gaseous dis¬ 
sociation, and the analogy is indeed sufficiently striking. 
Nevertheless, there are fundamental differences between the 
two phenomena of gaseous and ionic dissociation, and one is 
the influence of the solvent medium upon the equilibrium in 
the latter case. The nature of the solvent plays an important 
part in determining the degree of dissociation of the dissolved 
electrolyte. 

The role of the solvent in the dissociation equilibrium 
(except from the point of view of the dielectric constant) 
has been strangely neglected by the followers of the dissocia¬ 
tion theory of Arrhenius. The tendency has been to treat 
the solvent simply as so much ‘‘dead space.” The upholders 
of the solvate theory, on the other hand, have referred all 
dissociation phenomena to interaction between solvent and 
solute. 

A general, but indefinite, feeling of dissatisfaction with the 
present position (as is indicated above by Walden) has cer- 


> Jour. Am. Chem. Soc., 35, 1649 {1913). 
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tainly existed among the followers of the dissociation theory, 
and this feeling has occasionally found its way into print in 
well-known text-books, where definitions of electrol)^ic dis¬ 
sociation may be found which undoubtedly do not agree with 
the hypothesis of spontaneous dissociation of the undissociated 
molecule tacitly assumed above. For example, Stieglitz' 
states; “When an ionogen is dissolved in water, its molecules 
are immediately, more or less completely, dissociated by the 
water into smaller fragments or molecules of unlike composi¬ 
tion.’’ Similarly, Alexander Smith“ writes: “The conducting 
power of the solution is indissolubly connected with the fact 
that the original molecules of the solute hav^e been broken 
up by the solvent into smaller molecules containing one or 
more atoms.’’ Nernst^ states: “Der Umstand, dass gerade 
das Wasser die ganz besondere Fahigkeit besitzt, geloste 
Stoffe electrolytisch zu spalten, legt die Vermutung nahe, 
dass bei der lonenspaltung chemische Verbindungen mit 
dem Wasser eine Rolle spielen.’’ Here there is not only the 
statement that the solvent splits up the dissociated molecules 
into the separate ions, but the possibility also is noted that, 
in so doing, the solvent actually combines with the solute 
to form hydrates and hydrated ions. Ostwald'* himself goes 
so far as to say: “Das Wasser nimmt, in Bezug auf seine 
Fahigkeit elektrolytische Tbsungen zu bilden, oder Stoffe 
in lonen zu spalten, eine ausgezeichnete Stellung ein.’’ Arr¬ 
henius® also speaks of “die Fahigkeit der Lbsungsmittel, 
Elektrolyte in lonen zu verlegen.’’ 

Now if the molecules of the undissociated salt in the 
solution are indeed broken up by the molecules of the solvent 
into the separate ions, then the concentration of the solvent 

^ "Qualitative Chemical Analysis,” Part I, page 41. The italics are in the 
original. 

* "Introduction to Inorganic Chemistry,” page 317. 

® "Theoretische Chemie, Sechste Auflage,” page 534 (1909)* 

* "Lehrbuch der allgemeinen Chemie,” Vol. 2, Part I, page 705 (1893). 

* "Lehrbuch der Klektrochemie,” page 55 (1901). Also ‘"Theories of 
Chemistry,” page 83 (1907). 
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in the solution should appear in the equation of equilibrium 
and the simple dilution law is not valid. The equation is 
modified into the form: 

C ^/ Cu .- C $ “ k .(4) 

(cj = concentration of solvent in the solution). At moderately 
high dilutions c, becomes practically constant, and the equation 
reduces to the simple dilution law. At higher concentrations 
Cs begins to diminish, since molecules of solvent are being re¬ 
placed in the solution by molecules of solute. 

We may write Equation 4 in the form: 

Ci^/Cu — kCs 

from which it is at once evident that the equation is qualita¬ 
tively in accordance with the fact, shown by the results of 
experiment, that c,^/cu is not constant at high concentration 
of solute, but exhibits a decreasing value. The validity of 
the equation at high concentrations may be tested quantita¬ 
tively with the help of the density data. 

This is done for acetic acid in the last column of the table 
given above (page 200). The values under 100 ^ are corrected 
by means of the ratio: 

weight of solvent in one liter of pure solvent/weight of solvent in 
one liter of solution. 

It will be seen that the values for the dissociation constant 
are now really constant, up to normal concentration of solute. 
Equation 4 is, therefore, found to be valid for the expression 
of the dissociation constant of acetic acid in concentrated 
solutions. The tables given below show that the equation is 
similarly applicable to other weak electrolytes. 


Propionic Acid.* 25® C. 


V 

A 

1 

ICX) k 

100 k (corrected) 

2 

1.700 

1 

O.OOI16 

0.OQ145 

8 1 

3 704 

o.ck)I38 

0.00147 

32 i 

7 436 

0.00141 

1 0.00143 


* White and Jones: Am. Chem. Jour., 44, 1591 (1910). 





Ionization Equilibrium 


205 


V 


2 

8 

32 


n-BuTYRIC Acid.^ 


A I 100 k 

1.730 I 0.00120 
3 891 o 00153 
7.902 0.00159 


25" c 


100 h (corrected) 

0.00161 
0.00164 
o 00162 


The constancy of the corrected values of k for both acids is 
satisfactory throughout. Hence the modified dilution law 
may be held to apply, for these acids, up to solutions of at 
least half-normal concentration. 

In one respect it may, at first sight, appear that the dilu¬ 
tion law of Ostwald claims preference over the modified law 
advanced above, namely in its simplicity. In Equation 4 
a variable factor, has been brought into the equation for 
the dissociation equilibrium, and this factor varies with the 
concentration in the desired direction for improving the con¬ 
stancy of k at high concentrations. Hence it may seem that 
the introduction of the variable factor ^ into the equation is 
simply a mathematical trick, which improves the agreement 
with the experimental results only by destroying the original 
simplicity of the dilution law. If this were indeed so, then the 
generally accepted theoretical basis lying behind the dilution 
law of Ostwald (the assumption of spontaneous dissociation 
of the undissociated molecule) could not legitimately be 
called into question here. 

An exact thermodynamic examination shows, however, 
that the original simplicity of the dilution law is not sacrificed 
by the modified view taken of the nature of the ionization 
equilibrium, but that the dilution law has, on the other hand, 
actually become less complicated, inasmuch as certain simpli¬ 
fying assumptions, necessary for the development of the equa¬ 
tion in its original form, may now be dispensed with. 

This examination^ cannot be given in full here, but the gen¬ 
eral results may be summarized as follows: 


* White and Jones; Am. Chem. Jour., 44, 1591 (1910), 

* Jour. Am. Chem. Soc., 36, 1076 (1914), 
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(I) The Ostwald dilution law in its original form' leads 
to the equation A®/Ao(Ao — h)v — k; but this equation can, 
in any case, represent the ionization equilibrium accurately 
only in solutions of such dilution that the regions of solvent 
influenced by each molecule of solute are independent. 

(II) The thermodynamic derivation of the dilution law 
in its modified form leads to the equation A 2 /Ao(Ao — A)u' = k 
(d' is the dilution of the solution, expressed in weight units 
of concentration). This equation will represent the ioniza¬ 
tion equilibrium accurately at all concentrations. 

The modified form of the dilution law possesses there¬ 
for, at high concentrations, the two advantages of simplicity 
and of agreement with the experimental data. As regards the 
change from volume concentrations (equivalent weights of 
the solute per fixed volume of solution) to weight concentra¬ 
tions (equivalent weights qf the solute per fixed weight of 
solvent) it may be stated that the latter method of expression 
is preferable from a theoretical viewpoint, and that its general 
adoption in several branches of physical chemistry, closely 
related to equivalent conductivity, has already furnished im¬ 
portant results. 

In the concluding section of this paper, the mechanism of 
the ionization process and the role of the solvent in the ioniza¬ 
tion equilibrium will be more closely examined. 

The Role of the Solvent in Ionization 

In correspondence with the view that the dissociation of 
the undissociated molecule RX into its component ions R+ and 
X~ is brought about by impact with molecules of the solvent, 
the equation representing the process of ionization may be 
written; 

RX -I- (H2O) + X- 

It will appear at this point that the above equation is in¬ 
correctly stated, inasmuch as it does not balance. (As a matter 
of fact, the corresponding equation for the original dilution 
law also does not balance, since the ionic charges appear only 
on one side.) A simple explanation can be given; the solvent 
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is not considered as acting chemically in the ionization equa¬ 
tion written above. The part played by the solvent in the 
process of dissociation is to be regarded as entirely physical 
in its nature, the action of the solvent molecules being as¬ 
cribed to their unsaturaied character. 

The ionizing power of a solvent is intimately connected 
with its power of association into large molecules. All highly- 
ionizing solvents are known to be unsaturated; for example, 
water contains an unsaturated oxygen atom with two free 
valences, and the simple molecule may be written H20i, 
a valence consisting of a unit charge, positive or negative, on 
the atom. Hence, by the loss of two free valences (the positive 
charge on one oxygen atom being neutralized by the negative 
charge on another) two simple molecules can combine to form 
a complex molecule +()H2.H20—. Such association can 
evidently continue further, each step being accompanied by 
the loss of two free valences. The association equilibrium may 
be represented, therefore, by a series of equations of the type: 

{H 20 );;(H20);!'_ , + (HsO)- 

Stieglitz' has remarked in this connection; “One can readily 
see that such (associated) molecules would be electrically 
polarized, and their charges might easily have the power to 
cause electrolytic dissociation or ionization. The larger the as¬ 
sociated molecule, the further apart might be the positive and 
negative charges upon it: the further apart the charges, the 
smaller would be their mutual attraction: and the smaller the 
mutual attraction, the stronger, presumably, would be the dis¬ 
sociating power of such a molecule.” 

This view of ionization is clearly in accordance with that 
developed in the preceding pages. The molecules of the solvent 
induce ionization on impact with molecules of the undissociated 
solute by virtue of their free valences, and act simply as a 
means of supply of the electric charges. To the two free valences 
attached to each molecule of the solvent, Walden’* has given 

' ''Qualitative Chemical Analysis,'* Part I, page 65. 

* Jour. Am. Chem. Soc., 35, i 66 i (1913)- 
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the convenient name “neutron” and the notation © ©. 
The equation representing ionization may now be expressed 
in the form: 

RX + ® e :;±: R+ + X- 

This equation balances exactly. Since, however, the ionic 
charges are supplied to the undissociated molecules directly 
by the molecules of the solvent, the concentration of the latter 
is the factor that must appear in the equation of equilibrium; 
cJICu-Cs = k. This equation will hold so long as the con¬ 
centration of “neutrons” in the solution is proportional to 
the concentration Of the solvent, i. e., until the degree of as¬ 
sociation of the solvent is appreciably changed by excessive 
addition of solute. 

We have now a simple means of expressing the mechanism 
of electrolytic dissociation. By impact of an undissociated 
molecule of the solute, RX, with a molecule of the solvent, 
a “neutron” is transferred from the latter to the former, 
and the undissociated salt breaks up into its separate ions 

and X~. Similarly, by impact between ions of unlike 
charge, R'*' and X~, a molecule of the undissociated salt RX 
is formed, with the liberation of a “neutron,” which is trans¬ 
ferred to a molecule of the solvent. The solvent molecules 
thus lose and'gain “neutrons” alternately, just as in their own 
association equiUbrium. 

Non-associated solvents, which possess no free valences, 
do not dissociate salts dissolved in them. All ionizing solvents 
have the two characteristic properties of unsaturation (pres¬ 
ence of “neutrons”) and association. The above view of the 
mechanism of the dissociation process is evidently perfectly 
in accordance with these facts, and may even be considered 
as, in some measure, furnishing an explanation of their general 
validity. 

Summary 

The divergences from the dilution law exhibited by acids 
in aqueous solution have been critically investigated. 

The increase in the dissociation constant when the ionic 
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concentration is large is found to be represented quantitatively 
by the equation: y^/{i — y).v — k + c{i — y)/y. This 
empirical formula is applicable to acids of all strengths. 

The decrease in the dissociation constant when the total 
concentration is large is found to disappear under the assump¬ 
tion that ionization is not spontaneous, but induced by the 
solvent. The legitimacy of this assumption has been dis¬ 
cussed, and the experimental data shown to be in its support. 
The dissociating power of the solvent is ascribed to its un¬ 
saturated character, i. e., to the presence of free valences. 

Nichols Laboratories of Inorganic Chemistry 
ColumIda University 
New York City 



EXPERIMENTS ON EMULSIONS: ADSORPTION OP 
SOAP IN THE BENZENE-WATER INTERFACE 

BY T. R. BRIGGS 

Introduction 

The Gibbs equation, u = — c/^T.da/dc, expresses the 
relationship between the surface tension of a solution and 
the distribution of the solute between the body of the solution 
and the interfacial film. If the surface tension, a, of the pure 
liquid is lowered by the addition of a given solute, since da/dc 
is then a negative expression, u (the excess of solute in the sur¬ 
face film) becomes positive and the surface layer becomes 
richer, with respect to the dissolved substance, than the body 
of the solution, (^n the contrary, when the surface tension 
is raised by a solute, the latter is more or less squeezed out of 
the interfacial film and its concentration in the interior of the 
liquid is correspondingly increased. Both of these effects 
are in accordance with the principle of Le Chatelier. 

Corollaries to the above are at once suggested. Con¬ 
sider the case where the surface tension is raised by the solute. 
The latter is forced out of the interface to a certain extent, 
but since the concentration of the disturbing factor in the sur¬ 
face film is thereby reduced, the increase in the surface tension 
is .somewhat lessened. The final equilibrium is a balance 
between the two opposing tendencies—the increase of the sur¬ 
face tension by the solute and the expulsion of the latter from 
the surface film. One should expect a gradual increase in the 
surface tension as the amount of dissolved substance becomes 
larger: experiment has demonstrated the correctness of this 
deduction. 

As the great majority of the organic solutes and especially 
the emulsion colloids tend to lower the surface tension of the 
pure solvent, this case is of most interest to us. Here the 
surface effects lead to a concentration in the interface and 
equilibrium results from the sum of the two actions—lowering 
of the tension and increase of solute in the surface—which 
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are no longer opposed as they were in the previous case. By 
reason of the enormous bulk of the liquid in comparison to the 
surface layer, we should expect to find mere traces of organic 
impurities exerting a marked effect upon the sxu-face tension 
of a liquid, the latter decreasing rapidly at first with a small 
increase in the concentration of the dissolved substance and 
thereafter remaining more or less independent of the solute 
present. Experiment has amply confirmed this deduction as 
well. 

Ordinary adsorption is believed usually to be the result 
of condensation of a solute or disperse phase upon the surface 
separating a solid from a liquid. It may take place, according 
to the above theory, when the tension of the interface between 
liquid and solid is lowered; if the opposite occurs the solute 
will be squeezed out of the surface and we shall have a case of 
negative adsorption. 

Condensation of a dissolved substance in the interface of 
two immiscible phases--liquid-vapor or liquid-liquid—is to 
be considered as adsorption in the general sense. Since the 
aggregate result produced by adsorption is directly propor¬ 
tional to the specific surface,’ where the latter is great ad¬ 
sorption plays an important r 61 e. To study adsorption by 
a liquid-vapor interface, one should employ foams, or emul¬ 
sions of two non-miscible liquids for the case of liquid-liquid. 
A brief summary of the work done along these paths will be 
given. 

As regards foam, attention will be called to the numerous 
papers of G. Quincke and especially of Lord Rayleigh, whereby 
the subject has been developed very completely. Foams owe 
their existence as more or less stable structures to the forma¬ 
tion of viscous, often semi-solid, films on the air-liquid inter¬ 
face, and these films are produced by surface condensation of 
dissolved impurities, the actual amount of which is often van¬ 
ishingly small. Indeed “a pure liquid does not’foam” and 
a liquid does so only when it contains a third substance which 


^ Cf. Wo. Ostwald; '*Grundriss der Kolloidchemie/* 1909. 
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lowers its surface tension against air and so forms a viscous' 
film by adsorption in the interface. 

Metcalf’ has described the production of semi-solid films 
on solutions of peptone and Rohde^ has found that certain 
dyes in solution behave similarly. Ramsden® was able to 
coagulate a number of colloidal solutions (especially of albu¬ 
mens) by shaking them up with air so as to produce a very 
great development of foam. Under these circumstances, the 
dissolved substances become highly concentrated in the air- 
water interfaces and irreversible changes leading to perma¬ 
nent coagulation at once ensued, analogous, in the case of 
albumen, to the irreversible coagulation caused by heat. 

Hall^ observed that the foam from a sodium oleate solu¬ 
tion is richer in dissolved substance than the body of the 
liquid, and Miss Benson® found that a like behavior was shown 
by foaming aqueous amyl alcohol solutions. Zawidzki' has 
measured the concentration of saponine in the foam from its 
solution, following the course of events by refractometrical 
measurements. 

Quantitative verification of the Gibbs equation applied 
to condensation in an air-liquid interface has been attempted 
by Milner,^ who bubbled air through sodium oleate solutions 
and measured the change in concentration by the conductivity, 
finding about 0.4 mg adsorbed per square meter of surface. 
This result differed widely from that calculated from the Gibbs 
equation. A recent research by Donnan and Barker® with 
nonylic add and saponine solutions was more encouraging 
but still left much to be desired. 

The case of the interface between two immisdble liquids 

^ Zeit. phys. Chem., $2, i (1905). 

2 Drude’s Ann., 19, 935 (1906). 

» Du Bois Reymond’s Archiv., 1894, 5^7; Zeit. phys. Chem., 47, 336 

(1904). 

^ Proc. Roy. Soc. Dublin, 9, 56 (1899). 

® Jour, Phys. Chem., 7, 532 (1903). 

® Zeit. phys. Chem., 35, 77 (1900); 42, 612 (1903). 

’ Phil. Mag., (6) 13, 96 (1907). 

* Pfoc. Roy. Soc., 85A, 557 (1911). 
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is similar to the preceding. If a substance dissolved in liquid 
A is insoluble in liquid B, and also lowers the surface tension of 
A against B, Gibbs’ law requires that the solute should con¬ 
centrate in the A-B interface. Examples of such surface 
condensation are known. 

W. C. McC. Eewis^ has measured the interfadal con¬ 
densation of sodium glycocholate (bile salt), congo red and 
methyl orange, using emulsions of oil in aqueous solutions of 
the above substances. The adsorption observed was about 
60 times that calculated from the Gibbs equation, the colloidal 
nature of the solutions mentioned no doubt being one reason 
for this discrepancy. Better results were obtained with caffeine 
and with aniline adsorbed from aqueous alcohol solution by 
liquid mercury,^ except that in these cases the amount actually 
adsorbed was rather small.’ 

Winkelblech"* has described experiments analogous to 
those of Ramsden wherein he was able to coagulate and pre¬ 
cipitate colloidal solutions by shaking these up with non- 
miscible oils, such as benzine, benzole, chloroform, carbon 
bisulphide, etc. Gelatine solutions were especially sensitive 
to such treatment; 10 cc of a gelatine solution containing only 
0.06 rag of solid became visibly turbid and opalescent when 
shaken with piue benzine. The accepted explanation is sur¬ 
face condensation and formation of solid films about the drops 
of oil, with concomitant irreversible changes of state. 

Since colloidal solutions are usually regarded as hetero¬ 
geneous systems, the substance in solution may be considered 
as a third liquid or solid phase, in the experiments of Winkel- 
blech. The behavior of a third liquid phase between two others 
(all being mutually immiscible) has been discussed by Ereund- 
lich® and the case of particles of a soUd phase existing in contact 
with two immiscible liquids has been treated by Reinders® 

^ Phil. Mag., (6) 15, 499; x6, 466 (1908). 

* l^wis: Zeit. phys. Chem., 73, 129 (1910). 

® Cf. Donnan and Barker: Proc. Roy. Soc., 85A, 557 (1911). 

* Zeit. angew. Chem., 19, 1953 (1906). 

^ Kapillarchemie, 136 (1909). 

^ Zeit, Kolioidchemie, 13, 235 (1913). 
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the theory in both cases being based upon the equilibrium 
between the three different surface tensions existing. Rein- 
ders’ experiments have an interesting bearing upon the oil- 
flotation methods employed in concentrating sulphide ores, 
as well as upon Winkelblech's work, and upon emulsions in 
general. ’ 

Freundlich* has pointed out the relationship between Gibbs' 
law and the “adsorption isotherm” x/m = ac'^”. He shows 
that, in the case of Rohde’s experiments with dye solutions 
against air, the concentration of the dye in the surface varies 
with the amount of dye in solution according to the equation 

where <l> is the solidity of the surface film (considered pro¬ 
portional to the concentration of dye in the surface). Ad¬ 
sorption by a liquid-vapor interface is thus analogous to that 
by a solid in liquid or vapor and is apparently governed by 
the equation of the isotherm in its usual form. 

Adsorption by a liquid interface has been studied by Pat¬ 
rick* in Freimdlich’s laboratory. The author measured the 
surface tension of mercury against solutions of mercurous 
sulphate, salicylic add, picric add, neufuchsin, morphine 
hydrochloride and caffdne of varying concentration. He 
also determined the adsorption of the same by mercury. 
In the above series, the surface tension of mercury was lowered 
most by mercurous sulphate and least by caffeine; likewise 
the sulphate was adsorbed to the greatest extent and the caffeine 
least. No quantitative relation between surface tension and 
adsorption was found, however, but the adsorption by the 
liquid mercury was fourid to follow the ordinary course, the 
isotherm having the usual somewhat parabolic form. Other 
cases where the isotherm has been worked out for a liquid- 
liquid interface are unknown to me. 

iSee also Bancroft: Jour. Phys. Chem., i6, 177 (1912) et seq.; Hillyer: 
Jour. Am. Chem. Soc., 25, 513 (1903); Donnan: Zeit. phys. Chem., 31, 42 
(1899). 

* Kapillarchemie, 1909, and Zeit. Kolloidchemie, 3, 212 (1908). 

* Zeit. phys. Chem., 86, 545 (1914). 
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The purpose of the following experiments was to de¬ 
termine the concentration changes occurring in the aqueous 
phase of soap-water-benzene emulsions. Since it is now uni¬ 
versally accepted that the stability and existence of an emul¬ 
sion of the above type lies in the production of a viscous, 
semi-solid film of soap about the globules of benzene, it ought 
to be possible to measure the quantity of soap required by 
this process and to discover what dependence this value may 
have upon the amoimt of soap in the body of the solution. 
Furthermore, since the behavior of a solute with regard to a 
liquid-liquid interface seems to follow the Gibbs-Freundlich 
adsorption rule, one ought to be able to work out the “ adsorp¬ 
tion isotherm” between the amount of soap adsorbed by unit 
quantity of benzene, and the concentration of the soap in solu¬ 
tion. 

The gist of these introductory remarks may be stated 
as follows; The Gibbs law affords a valuable qualitative 
rule regarding surface tension and adsorption, and the latter 
phenomenon is known to occur at liquid-vapor and liquid- 
liquid interfaces, as well as at those of solid-vapor and solid- 
liquid. Film formation plays a leading role in the process 
of emulsif)dng an oil in soapy water and the object of these 
experiments is to ascertain the amount of soap required in 
the production of such protective films. 

Experimental 

Briefly summarized, the following procedure was em¬ 
ployed in the experiments to be described: sodium oleate 
solutions of widely varying composition were prepared and 
equal volumes of each solution were shaken with a fixed 
amount of distilled benzene in glass-stoppered bottles until 
emulsification was complete, after which the emulsions were 
allowed to stand until tihe benzene globules floated to the top 
in a well-defined layer. With the aid of a pipette, a sample 
of the lower aqueous layer of each emulsion was withdrawn 
for analysis and a comparison made between the alkali con¬ 
tent of this sample and that cff an equal volume of the corre- 
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spondiag original soap solution, this comparison being made 
by titration with approximately N/20 hydrochloric add and 
methyl orange as indicator. In every case it was found that the 
soap content (as measured by the alkali number) of the orig¬ 
inal oleate solutions was greater than that of the excess aqueous 
layer of the emulsion, volume for volume, so that, granting 
that the decrease in concentration was due to adsorption of 
sodium oleate in the benzene-water interface, this decrease 
was a measiure of the amount of soap adsorbed. While 
absolute measurements were not obtained, for reasons to be 
discussed later, nevertheless comparative data were found 
possible and very interesting. 

Reagents, Solutions, etc .—The sodium oleate employed 
was of good quality and contained no free alkali, according to 
tests made by Mr. H. G. Carter in this laboratory. The dis¬ 
tilled water used in preparing the oleate solutions was care¬ 
fully saturated with benzene; likewise the benzene used in 
the emulsions was saturated with water previous to employ¬ 
ment. The benzene was recovered from prerious emulsifica¬ 
tion experiments by decomposing the creamy emulsions with 
dilute sulphuric acid, distilling the benzene over, drying the 
distillate over calcium chloride and again rectifying. Fifty 
cubic centimeters of the benzene so recovered were shaken with 
an equal volume of water and the latter tested for acidity or 
alkalinity; a neutral test confirmed the suitability of the benzene 
for the required purpose. 

In preparing the different solutions of sodium oleate, 
a stock solution was first made up by heating 50 g of the dry 
oleate with about 500 cc of distilled water on a steam bath, 
until a rather viscous, brownish solution resulted, whereupon 
the solution was filtered by suction. A known volume of the 
cold stock solution was then made up to 500 cc in a measuring 
flask, stoppered and set aside—^in this way solutions of the de¬ 
sired approximate composition were quickly obtained. These 
solutions kept well for periods of several days, but, on longer 
standing, apprmable decomposition by hydrolysis occurred 
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and flocks of the difiicultly soluble acid oleate settled to the 
bottom of the flask. 

Approximately N/20 solutions of NaOH and HCl were 
prepared. The former was compared with a standard N/10 
HCl reagent, i cc containing 0.00207 g NaOH. By comparison 
of this reagent with the N/20 HCl, 1 cc of the latter was found 
equivalent to 0.00207 g NaOH, or to 0.01576 g sodium oleate. 

Procedure .—Having prepared the stock solution of sodium 
oleate described above, the following test solutions were made 
up in 500 cc flasks: 


Number of solution 


Stock oleate in 500 cc solution 
cc 


1 

2 

3 

4 

5 

6 

7 


5 

10 

25 

50 

100 

150 

180 


Seven 250-cc glass-stoppered bottles were carefully cleaned, 
dried and marked i, 2, 3, etc., to correspond with the above 
soap solutions. Into each bottle 60 cc of the proper soap solu¬ 
tion were poured, after which 90 cc of benzene were added 
gradually and with constant shaking until the emulsification 
was complete; thereupon each bottle was given five minutes’ 
extra shaking, all of the latter being done by hand. The 
bottles were then set aside for a day, until the emulsified 
contents had separated into the usual two layers’—an upper 
“cream” of emulsified benzene and a fairly clear, lower layer 
containing no measurable amount of the latter substance. 
The separation complete or nearly so, a sample of the lower 
layer was removed for comparison with the original soap solu¬ 
tion to which it corresponded, in order to determine the change 
in composition brought about by adsorption of the solute 


' Cf. F. R. Newman: Jour. Phys. Chem., i 8 , 34 (1914). 
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(sodium oleate) in the benzene-water interface. This removal 
was done without disturbing the upper creamy layer, by 
fixing a long and fine drawn-out capillary, probosds-like, 
to the end of a lo cc pipette, and carefully extracting a sample 
in this fashion. The capillary and pipette were first rinsed 
with a little of the original soap solution in the measuring 
flask and allowed to drain; by this means (hying the pipette 
was avoided with the introduction of only an infinitesimal 
error. 

The accurate determination of the soap content of each 
solution was a very troublesome problem. It was proposed 
to follow the usual methods and to decompose the sodium oleate 
with standard add (in this case N/20 HCl) using methyl 
orange as indicator. Although this mode of analyzing soap 
solutions gave results which were satisfactory enough when 
measured by the standards of ordinary analysis, yet the method 
was not suffidently sensitive to detect the small changes 
in composition met with in these experiments. In the first 
place, methyl orange is not the easiest indicator to work with 
even under normal conditions and in the second place, espe- 
dally when dealing with the stronger oleate solutions (Nos. 3 
to 7 inclusive), the oldc acid set free by the interaction of soap, 
and mineral acid remained in suspension in the form of a per¬ 
sistent emulsion, the milky turbidity of which masked the color 
change at the end point entirely. As a result, duplicate anal¬ 
yses failed to agree with a closeness suffident to warrant any 
serious deductions being drawn from them. Nor did other 
indicators give results better than those afforded by methyl 
orange and it became evident that a spedal procedure had to 
be devised. 

Accordingly, determination of the absolute quantity of 
soap in imit volume was abandoned and comparative results 
alone were sought. To this effect, 10 cc of a given soap solu¬ 
tion and an equal volume obtained from the lower layer of the 
corresponding emulsion were decomposed with stan<lard add, 
under identical conditions, and a comparison made of the 
number of cubic centimeters of add required to bring each 
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solution to exactly the same shade of color, using methyl orange 
as indicator. The data obtained by this method proved to 
be entirely satisfactory. The procedme follows; 

Into a 250 cc Erlenmeyer flask, 10 cc of a given original 
soap solution (say No. 1) were pipetted (the same pipette 
being used throughout the work), 50 cc of distilled water were 
added and i cc of a solution of methyl orange. Standard 
hydrochloric acid was then run in slowly from a scrupulously 
clean burette until, as nearly as could be judged, the end 
point was reached. One or two drops more of acid were then 
added, usually imparting a suggestion of pink to the milky 
liquid in the flask. The reading of the burette was done with 
great care, by estimating volumes to o.oi cc and allowing care¬ 
fully for drainage. The temperature was likewise noted and 
all end-point observations were made against a background 
of white. 

The flask, after completion of the titration, was care¬ 
fully set aside to serv'e as a standard for comparison and a 
second and similar flask taken. Following the procedure 
noted above, a 10 cc sample was extracted from the lower 
layer of the corresponding emulsion (in this case supposed to 
be No. i), and 50 cc of water were added together with i cc 
of indicator solution. Acid was run in very slowly until 
the appearance and color of the liquid in the second flask 
corresponded exactly with that of the solution in the first flask 
which served as the standard end point for color comparison. 
The color comparison could be made Avith great accuracy 
—certainly to within one drop (0.04 cc) of N/20 hydrochloric 
acid. This done, the burette was read. 

A second burette was filled with standard N/20 sodium 
hydroxide reagent, previously compared with the acid as de¬ 
scribed. The reading taken, an imknown volume of alkali 
was added to the solution in the flask until the latter was 
strongly alkaline. Following the procedme of the last para¬ 
graph, the comparison was again made with the standard 
end point and add added until the color difference disappeared. 
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Reading of both add and alkali burette was carried out. 
The readings are as follows: 

(a) Comparison of standard acid and alkali: 

I cc NaOH = 0.998 cc HCl 

(b) First titration of emulsion with standard acid: 


cc 


\ I 

Sample of aqueous layer taken for analysis ! 10 

Reading of HCl burette after titration ! 28.14 

Reading of HCl burette before titration | 14.81 

Acid required (a) 13-33 


{c) Back titration: 


Reading of burette after adding alkali 
Reading of burette before adding alkali 

Alkali added 

HCl equivalent to NaOH added 

Reading of acid burette after second titration 

Reading of acid burette before first titration 

Total acid required 

Less HCl equivalent to NaOH added 

Acid required (6) 

Acid required (a) 

Average 


cc 


7.81 

6.70 


1. II 
I. II 

29.26 

14.81 


14*45 

I. II 


13*34 

13*33 

13*34 


Ten cc of the original solution, used as the standard of 
comparison in the above titration, required 13.83 cc of standard 
acid. A second sample, analyzed exactly like the emulsion 
above, required 13.79 cc HCl. The average thus becomes 
13.81 cc HCl. The change in composition of the outside 
phase by removal of sodium oleate is accordingly proportional 
to the difference 13.81 — 13.34, 0.47 cc HCl. 
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Experiments with Hand-shaken Emulsions .—The following 
set of emulsions was prepared, using the solutions and volumes 
stated below: 


r 


Bottle marked 

No of solution 

Vol. oleate 
cc 

; Vol. benzene 

1 

2 

2 I 

60 

90 

3 i 

3 : 

60 

90 

4 

4 

60 

90 

5 

5 i 

60 

90 


6 

60 

90 

7 

7 

60 

90 


The emulsions were prepared according to the method 
already described and were allowed to stand over night. 
After about 24 hours the lower aqueous layer had become 
sharply defined in every case and was more or less clear. It 
is interesting to note in this connection that the line of de¬ 
marcation between the lower aqueous layer and the superim¬ 
posed creamy emulsion was sharpest in the case of the strongest 
soap solution (No. 7) and least sharp in the case of the dilute 
solution (No. 3). Likewise the lower layer was perfectly 
clear in the case of (No. 7), while the dilute oleate gave an 
emulsion whose aqueous layer showed a persistent and distinct 
turbidity. The data follow; 


Table: Hand-shaken Emulsions 

Volume of Soap Solution, 60 cc; Volume of Benzene, 90 cc; 
10 cc of Soap Solution Required:— 


Emulsion 

No. 


Originally 
cc HCl 


After emulsification 
cc HCl 


Difference 
cc HCl 


2 a 

2 b 

3 

4 

5 

6 

7 


1.01 
1.02 
2.38 
4.46 
9-31 
13.78 
16.87 


0.85 

0.95 

2.29 

4 32 

9.08 

13.55 

16,60 


o. 16 
0.07 
0.09 
0.14 
0.23 
0.23 
0.27 
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Examination of the above data convinces one at once 
that the act of shaking a solution of sodium oleate with benzene 
and the consequent formation of an emulsion of the latter, 
results in extracting a certain amount of the soap from the solu¬ 
tion (now become the outside phase of the emulsion) and in¬ 
creasing the dilution of the latter. Although the data are 
rather irregular, it is apparent that there is a gradual increase 
in the quantity of soap removed as the concentration of the 
latter is increased through a wide range—yet the removal 
is not proportional to the strength of the oleate solutions, but 
tends to approach a maximum as the concentration rises. This 
behavior is shown by the dotted curve in Fig, 2, where the 
ordinates are the numbers given under “difference” in the 
above table and the abscissae are the values of the equilibrium 
concentration of soap in the aqueous phase of the emulsions, 
measured in cc of standard HCl. 

Returning to the table of data, one observes a great differ¬ 
ence between emulsions 2a and 26, with respect to the amount 
of soap adsorbed. The discrepancy is decidedly greater than 
the error of experiment, which is extremely small when the 
concentration of oleate is low, because the distinctness of the 
end point under these circumstances enables one to make very 
accurate titrations. The two emulsions, however, were not pro¬ 
duced imder the same conditions. The first one (20) was pre¬ 
pared with difficulty, owing to the benzene being added too 
rapidly during the shaking, and required very much longer 
agitation than did any other of the series. Other things being 
equal, since adsorption is a surface phenomenon, the smaller the 
globules pf benzene in a given emulsion, the greater will be the 
removal of soap from the outside phase. Therefore, that a 
comparison of emulsions may be of value, it is required that 
they contain the disperse phase in globules of uniform size; 
if this condition is not satisfied, discordant results must be 
expected. 

Microscopic examination was then resorted to, and it was 
found that in every case the globules of benzene were irregular 
in size and comparatively large, except that the globules of 



Experiments on Emulsions 


223 


20 were much smaller and rather more uniform. No doubt 
this observation accounts for the discordantly high value for 
the soap removed from solution in the case of this emulsion. 

Such observations led to two obvious conclusions—first, 
some means had to be devised to increase the uniformity of a 
series of emulsions as regards the size of the globules; and 
secondly, the globules themselves had to be made as small 
as possible, so that, by increasing the oil-water interface, the 
soap adsorbed by unit volume of benzene might be made larger. 
The emulsions were accordingly put through a process of 
‘ ‘ homogenization. ” * 

The apparatus employed in homogenizing the crude 
benzene emulsions is shown in Fig. 1. A and B are clean and 



Fig. I 

dry liter bottles; C is a filter-flask serving as a safety-trap be¬ 
tween the apparatus and a large suction-pump while the rest 
of the apparatus consists of glass tubing arranged according 
to the diagram. The usual emulsion, prepared by hand 
shaking, is poured into reservoir A, stopcock a is turned off, 
and, by opening the cock at b, the stoppered chamber B is 
connected with the pump and evacuated as much as possible. 


* This term has long been applied to the process of disintegrating the 
globules of emulsified fat in milk, by subjecting the latter to mechanical treat¬ 
ment. The milk is pumped at high pressure through narrow orifices and against 
revolving baffle plates, so that the tiny fat globules are shattered. This process 
results in increasing the degree of dispersion of the fat throughout the menstrum, 
to such an extent that the cream will no longer rise in milk that has been so 
treated, ^or particulars regarding “mulsers" and "homogenizers” see Pharm. 
Journal, (4) 36, 734 (1913). 
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Cock a is then opened and the emulsion is sucked through the 
connecting siphon, whence it emerges from the orifice P, 
approximately 0.5 mm in diameter, in a horizontal stream. 
The latter impinges violently upon the inner wall of the bottle 
and this, serving as a baffle plate, brings about the gradual 
disruption of the globules in the emulsion. Finally, when 
reservoir A is emptied, cock b is closed and A and B are inter¬ 
changed, whereupon the process is repeated until the de¬ 
sired result is obtained. In my experiments, each emulsion 
was forced through the apparatus at least eight times and then 
examined under a microscope with attached micrometer 
eyepiece, whereby the diameter of the globules was estimated 
by direct measiurement. 

A number of preliminary experiments were carried out 
with the help of this homogenizing apparatus. An emulsion, 
prepared from equal volumes of dilute sodium oleate and of 
benzene, was divided into two portions, one of which was 
homogenized. A striking diminution in size of the particles 
occurred. Of the benzene globules, the great majority were 
under 5 m in diameter and, indeed, there were plenty smaller 
than I n, and showing the Brownian movement most strikingly. 
Few globules exceeding lo/i in width; the general effect was 
one of marked unifonnity. On the other hand, the original, 
hand-shaken emulsion contained particles of widely varying 
size; most of these were 25 m in diameter or over, though there 
were present some extremely small globules as well. It was 
difficult to measure the real size of the large globules, owing 
to their being squeezed flat imder the cover glass; and besides, 
these hand-shaken emulsions decomposed very quickly while 
under observation. On the homogenization being carried still 
further, the size of the globules was reduced until the average 
diameter fell to about 2-3 M) or even less. 

The homogenized emulsion was compared with samples 
of three different fresh milks and a striking similarity in ap¬ 
pearance was observed, the globules of the artificial emulsion 
being, if anything, smaller than those of the natural ones and 
very much more abimdant. To compare the benzene emul- 
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sion with milk under the microscope, the former had first 
to be diluted strongly with distilled water. 

Homogenization produces an interesting effect upon the 
appearance of benzene emulsions to macroscopic observation. 
In the case under discussion, as the homogenization was 
continued, the milky opacity of the emulsion increased, rapidly 
at first, then slowly. This change in external appearance is 
an indication of the increased dispersion of the benzene phase. 
Likewise, the emulsion became more and more viscous, though 
no measurements of this property were made. 

As one might expect, the stability of an emulsion is tre¬ 
mendously enhanced by homogenization. Whereas in my 
experiments with hand-shaken emulsions two hours’ standing 
was sufficient to complete the separation into the characteristic 
two layers—aqueous layer and cream—it was found that this 
separation, in the case of the homogenized emulsions, was far 
from complete even after 24 hours. In some cases the equeous 
lower layer was strongly turbid even though no globules of 
benzene could be detected under powerful magnification. 
In short, homogenization actively retards the creaming of 
an emulsion, which is exactly the effect that the process has 
upon ordinary milk. It would be interesting to study the effect 
produced upon artificial emulsions by a powerful commercial 
“homogenizer.” 

A set of seven emulsions was then prepared and given 
careful treatment with the homogenizer. Examination of 
the emulsions while the latter were still fresh showed that the 
particles were very nearly uniform in size and fairly small 
(5-10/1 diam.). On standing twenty-four hours the size of 
the globules increased somewhat and their uniformity became 
less. Another interesting circumstance was observed at this 
time. In preparing the slides, a very small amotmt of the emul¬ 
sion under consideration was stirred into a drop of distilled 
water and the whole covered with a cover-glass. In the case 
of the emulsions containing dilute sodium oleate, the benzene 
globules were to be seen distributed fairly uniformly through¬ 
out the drop of water, whereas, when the concentrated solu- 
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tion formed the external phase, the globules tended to agglom¬ 
erate—to form distinct clusters, very much like bunches of 
grapes, with dear liquid between. This may explain the fact, 
several times observed in my experience, that separation of 
the two layers (cream-formation) seemed to occur more rapidly 
with those emulsions in which the soap concentration was 
high. 

These homogenized emulsions were set aside for 22 hours. 
At the end of this time Nos. 5, 6 and 7 showed perfectly clear 
lower layers; the others were slightly turbid, espedally No. 3. 
Exactly the same phenomenon, only to a less extent, had al¬ 
ready been observed while studying the hand-shaken emulsions. 
By emplo3dng the capillary pipette already described, 10 cc 
samples of the aqueous layers were removed for analysis, 
as in the previous experiments. The data follow;—; 

Table: Homogenized Emulsions 

Soap Solution, 60 cc; Benzene, 90 cc; 10 cc of Soap Solution Re¬ 
quired:— 


Emulsion 

Originally ! 

After emulsification 

1 '' 

Difference 

cc HCl I 

cc HCl 

cc HCl 

l 

0.54 

0.38 

1 0.16 

2 

I .02 

0.75 j 

0.27 

30 

2.40 

1.98 

0.42 

3b 

2-39 

2.05 

0-34 

4a 

4-47 

4.10 

0.37 

46 

4-43 

3-97 

; 0.46 

5 i 

9 25 

8.79 

! 0.46 

6 

13 8i 

13-34 

0.47 

7 

17.01 

16.50 

0.51 


As in the case of hand-shaken emulsions, a curve was drawn 
using the numbers under “difference” in the above table as 
ordinates and those in the third column from the left as ab¬ 
scissae. It win be noticed that this curve (the heavy linp in 
Kg. 2) lies entnely above the one corresponding to the hand- 
shaken emulsions. Homogenization acted as a great stimulus 
to adsorptitm. 
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Discussion of Results 

The data, though not very complete and a bit wobbly 
in places, show that sodium oleate solutions decrease in alkali 
content by being shaken up with benzene. It is assumed 
that the decrease in alkali content is a measure of the sodium 
oleate extracted.^ 

What is the cause of this extraction? Suppose one con¬ 
siders the possibilities. 

(a) The Soap Solution Becomes Diluted with Dissolved 
Benzene .—This theory may be dismissed at once. Not only 
is the benzene practically insoluble (immiscible) in sodium 

^ There is the possibility that this assumption is inaccurate, but this 
would be without effect upon the general results of this paper. For it is quite 
probable that the hydrolytic production of the difficultly soluble acid .sodium 
oleate is an important factor in emulsification. (S. U. Pickering Jour. Chera. 
Soc , 91, 2013 (1907} ) Pickering writes: '‘With soap, the particles requisite 
for emulsification are also provided in another way. for when soft soap is dis¬ 
solved in much water a considerable amount of a very fine deposit is 

obtained and this is often in such a minute state of division that it remains 
suspended in the liquid for weeks ” 

It may be that the peculiar stability of soap emulsions is due to surface 
films of the insoluble acid oleate, the minute particles of which are more or less 
cemented together with neutral salt, the whole forming an unusually strong 
membrane, not unlike the rubbery “haptogen membrane” of the fat globules 
in milk. If this be the case, the mass of soap adsorbed woulc^ be greater than 
that calculated on the basis of neutral sodium oleate. 

Furthermore, another factor must be taken into consideration. In calculat¬ 
ing the amount of soap adsorbed by unit volume of benzene the assumption is 
made that this is extracted as anhydrous sodium oleate. This is very probably 
not the case. The soap in the benzene-water interfac'e is almost certainly in a 
hydrous condition, so that the amount of sodium oleate removed from the 
aqueous dispersion-medium is not a true measure of the adsorptive power of the 
disperse phase. The total adsorption in the interphase is probably greater than 
these experiments indicate. 
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oleate solution but the water used in preparation of the latter 
was previously saturated with benzene, as described. 

(6) Sodium Oleate Dissolves in Benzene .—Under these 
circumstances one should observe a distribution of the solute 
between the two solvents according to Henry’s law, so that, 
assuming that the soap exists in both solvents in the same 
molecular condition, the amount removed by a fixed volume 
of benzene should be proportional to the equilibrium concen¬ 
tration in a fixed volume of soap solution. Experiment shows 
that this is not the case. 

Moreover, the distribution of the soap between the two 
solvents should be dependent, among other things, only upon 
the total volume of the benzene globules and not upon the average 
size of these globules, equilibrium being reached. According 
to the solution theory then, homogenization and the accom¬ 
panying increase in the surface separating the phases, should 
have Uttle or no effect upon the distribution of sodium oleate 
between the two solvents, except to hasten the production of 
equilibrium; whereas experiment shows that a greatly in¬ 
creased removal of soap by benzene accompanies homogeniza¬ 
tion. It should be observed at this point that loss of both 
benzene and water probably occurred during the process of 
homogenization, owing to evaporation at reduced pressure, 
but this process can only tend to make the aqueous medium 
of the emulsion richer in sodium oleate and so to act in a sense 
opposed to the surface forces. 

Furthermore, some experiments by Mr. Carter, in this 
laboratory, throw Ught upon the question. Certain emulsions 
upon analysis were set aside and, after a considerable period, 
were found to have “cracked” and very nearly de-emulsified. 
The lower aqueous portion of the “cracked” product was 
analyzed and found to be identical in composition with the 
original solution, the soap required by the benzene globules 
having been returned to the solution on the collapse of the 
emulsion. Other emulsions were destroyed by freezing and 
similar results obtained. The removal of soap from solution 
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is contingent upon the production of an emulsion, and not 
upon the presence of a layer of benzene as solvent. 

Direct tests of the solubility of sodium oleate in benzene 
showed that it is small enough to be negligible. 

(c) Sodium Oleate is Adsorbed by the Benzene-water Inter¬ 
face. —Most of the experimental observations are in accord 
with this theory and, qualitatively at least, the results of this 
paper establish the r 61 e of adsorption in the production and 
existence of emulsions. Moreover, the quantity of soap re¬ 
moved by the benzene is a function of the area of the benzene- 
water interface, as the homogenized emulsions clearly indicate. 
By homogenization, the size of the benzene globules was 
decreased and the specific surface of the latter augmented 
sufficiently to double or even treble the quantity of soap ex¬ 
tracted by unit volume. The quantitative determination of 
the relation existing between the specific surface and the amount 
adsorbed was not carried out. 

In the case of the homogenized emulsions, the curve be¬ 
tween soap extracted and its concentration in the solution 
bears a striking resemblance in form to the graph of the 
adsorption isotherm.* Viewed quantitatively, however, the 
results are less satisfactory, chiefly because unavoidable cir¬ 
cumstances prevented the more complete mapping out of 
the curve, especially at low concentrations of soap. It is 
proposed to carry out a further study of dilute solutions, 
possibly using the drop method of detecting changes of composi¬ 
tion.* 

The general equation of the isotherm is 

x/m — (i) 

where xfm is the amount of adsorbed substance for unit mass 
of adsorbent; c is the final or equilibrium concentration of the 
substance in solution and a and i/u are constants depending 
upon the substances present. If one takes the logarithms 
of both members of the above equation, 

log xjm = log a -f i/n log c. 

‘ Cf. Freundlkh: Zeit. Kolloidchemie, 3, 212 (1908), 

* Cf. W. C. McC. Lewis: Phil. Mag., [6] 15, 499; 16, 466 (1908). 
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This being the equation of a straight line, by drawing a curve 
between log x/m as ordinates and log c as abscissae, the slope 
of such a curve gives i/n directly and the y-intercept equals 
log a, whereby the constants are readily computed from the 
experimental data. 

Table: Adsorption Data 


c 

Grams 

x/m (observed) 
Gram 

log c 

log x/m 

x/m (calculated) 
Gram 

0.60 

0.17 

—1.778 

—1.226 

0.29 

1.18 

0.28 

0.072 

— 1-453 

0.32 

3.18 

0.40 

0.502 

—I.601 

0.38 

6.36 

0.44 

0.804 

—1-645 

1 0.42 

13-85 

0.48 

1.142 

—I.684 

0.48 

21.03 

0.49 j 

I 323 

—1.694 

0.51 

26.01 

0.54 

1-415 

—1.729 

‘ 0.53 


The numbers in the above table were computed from the 
experiments with the homogenized emulsions, as follows: 
c represents the equilibrium concentration expressed in grams 
of sodium oleate per liter; x/m, the grams of oleate adsorbed 
by liter volume of benzene; and x/m (calculated) is the value 
calculated from the logarithmic equation. If the first two 
pairs of values of log c and log x/m be excluded, the logarithmic 
curve is approximately a straight line, whence the constants 
are calculated as follows: 

a = 0.316 approximately, and 
i/« = o 156 approximately 

The calculated values of x/m show that the amount of 
soap adsorbed agrees fairly well with that required by the 
theory of Freundlich, except when the concentration of soap 
is small. In such cases, the actual adsorption is much less 
than that calculated. One may explain this discrepancy by 
postulating hydrolysis of the sodium oleate—a behavior com¬ 
mon to soaps in dilute solution, as Kahlenberg^ has shown. 
If a given oleate solution were partially hydrolyzed and the 
NaOH set free were adsorbed only sHghtly, then the acid' 


* Cf. Kahlenberg and Schreiner: Zeit. phys. Chem., 27, 552 {1898). 
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number of the solution would cease to be a measure of the 
quantity of sodium oleate present—^the concentration of the 
soap in solution would be less than that calculated from 
analysis. 

The curves shown in Fig. 3 give the relationship between 
x/m and c according to the data above. The dotted curve 
is plotted by using the calculated values for xjm, for comparison. 

Summary 

Condensation of solute in the surface separating liquid 
and vapor or liquid and liquid, is to be considered as a special 
case of adsorption although very few attempts have been made 
hitherto to show that such is the case. 

Sodium oleate is removed from solutions of different 
strength during the process of emulsifying benzene and the 
amount of this removal depends upon the strength of the soap 
solution and the specific surface of the benzene phase. 

The amount of soap removed increases rapidly at first 
with small increases in the concentration of the solution and 
then remains very nearly constant while the composition of 
the solution undergoes great change; in this respect a strong 
similarity to ordinary adsorption is showm. 

The quantitative application of Freundlich’s equation 
gives partially satisfactory results. 

A simple method of “homogenizing” emulsions has been 
devised. 

This paper is only a preliminary study and further work is 
contemplated. 

Worcester Polytechnic Institute 
June, IQ14 



HYDROUS FERRIC OXIDE 


BY WILDER D. BANCROFT 

In a previous paper' I have pointed out that, since any 
substance may be converted into a colloidal suspension by 
being subdivided sufficiently, it follows that we may have 
any n um ber of different colloidal solutions of the same thing 
if we start, for instance, with ferric oxide or aluminum oxide 
having different amounts of water in the particles. In this 
paper I shall show that this point of view helps us to under¬ 
stand some of the experimental data in regard to ferric oxide. 
Two different samples of ferric oxide may differ in water con¬ 
tent and in the size of the particles; and both factors will 
affect the properties of the substance. 

If the colloidal ferric oxide is prepared by hydrolysis of 
a ferric salt, the general conditions for obtaining a ferric oxide 
with a low water content will be high temperature and long 
heating. The highly hydrous salt is gelatinous, becoming 
sandy as the oxide becomes more nearly anhydrous. Other 
things being equal there will be more adsorption, the more 
hydrous the salt is. It seems not imreasonable to assume 
also that the decrease in adsorption with decreasing water 
content will be greater for ions which are adsorbed strongly 
than for ions which are adsorbed but slightly. This has an 
important bearing on the case of coagulation because these 
sols precipitate when they are electrically neutral and they 
remain suspended only when one ion is adsorbed more than 
the other. Since ferric oxide moves normally to the cathode, 
it owes its stability to the adsorption of the cation. If the 
cation is readily adsorbed and the anion only slightly, a high 
concentration of the electrolyte will be necessary before the 
degree of adsorption of the anion becomes equal to that of 
the cation and before coagulation takes place. This state of 
things is realized with hydrochloric acid and nitric add which 


^ Bancroft: Jour. Phys, Chem., i8, 555 (1914). 
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have to be present in fairly high concentration in order to 
coagulate certain ferric oxides. If we cut down the adsorption 
of the cation relatively by making the suspended ferric oxide 
more nearly anhydrous it will take a much lower concentration 
of hydrochloric acid to coagulate the ferric oxide provided 
the size of the particles remains the same. This has been found 
experimentally. The converse is also true, that we shall get 
precipitation at relatively low concentrations if we add an 
electrolyte with a readily adsorbed anion instead of cutting 
down the adsorption of the cation. This can be done by add¬ 
ing sulphuric acid, the bivalent anion being adsorbed more 
strongly than chloride or nitrate ion. If the precipitate is 
distinctly gelatinous, the precipitated particles will coalesce 
readily and consequently will not peptonize readily when the 
excess of precipitating agent is washed out. If the precipitate 
be sandy, however, there will be a lesser tendency for the parti¬ 
cles to agglomerate firmly into large groups; and consequently 
peptonization ought to take place more readily. 

Graham’ obtained a highly hydrous ferric oxide by allow¬ 
ing a cold solution of ferric acetate to hydrolyze, and removing 
the acetic add by dialysis. The same product was also ob¬ 
tained by dissolving gelatinous ferric oxide in a ferric chloride 
solution and then removing the chloride as far as possible by 
dialysis. Krecke® obtained Graham’s soluble ferric oxide by 
hydrolysis of o.io and 0.125 percent ferric chloride solutions 
at 20° or by heating solutions containing up to i.o percent 
ferric chloride for a short time to 87°. More concentrated 
solutions gave the same product when heated to still higher 
temperatures; but the hydrolysis was forced back when the 
temperature was lowered. When water contains one percent 
of Graham’s ferric oxide* (gelatinous) the solution has the dark 
red color of venous blood. “The red solution is coagulated 
in the cold by traces of sulphtuic acid, alkalies, alkaline car¬ 
bonates, sulphates, and neutral salts in general, but not by 

^ Jour. Chem. Soc., 15, 249 (1862). 

* Jour, prakt. Chem., (2) 3, 286 (1871). 

* Graham: Jour. Chem. Soc., 15, 250 (1862). 
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hydrochloric, nitric, and acetic adds, nor by alcohol or sugar. 
The coagulum is a deep red-coloured jelly, resembling the clot 
of blood, but more transparent... .The coagulum formed 
by a predpitant, or in the course of time without any addition 
having been made to the solution of peroxide of iron, is no 
longer soluble in water, hot or cold, but it yields readily to 
dilute adds. It is, in short, the ordinary hydrated peroxide 
of iron.” 

What is usually considered another modification of colloidal 
ferric oxide was obtained by P6an de St. Gilles' by boiling 
a dilute solution of ferric acetate, thus driving off the acetic 
add. Krecke has obtained it by heating a half percent solu¬ 
tion of ferric chloride to ioo°-i30°. Graham says in regard 
to the P 4 an de St. Gilles ferric oxide: “The characteristic 
properties of this substance, which indicate its allotropic 
nature, are the orange-red colour and the opalescent appear¬ 
ance of its solution. The metaperoxide of iron is entirely pre- 
dpitated of a brown ochreous appearance by a trace of sul¬ 
phuric add, or of an alkaline salt, and is insoluble in all cold 
adds, even when the latter are concentrated.’’ If a suspension 
of this ferric oxide is poured into hydrochloric add or nitric 
add solution, a predpitate is obtained which dissolves in water 
when the add is washed out. The predpitate obtained from 
Graham’s ferric oxide does not dissolve in water when the ex¬ 
cess of add is washed out. 

Graham, of course, made no quantitative measurements 
on the amount of electrol3rte necessary to predpitate a ferric 
oxide suspension. Duclaux^ has made some experiments on 
a suspension containing 203 X 10“ * gram atoms Fe and 16.6 X 
io~® gram atoms Cl per 10 cc. It took 13-19 X io~® gram 
equivalents of sodium sulphate, dtrate, chromate, carbonate, 
phosphate, hydroxide, or ferrocyanide to predpitate the iron 
oxide while 1880 X io~® gram equivalents NaNOs were neces¬ 
sary and over 2000 X 10“ ® gram equivalents NaCl. In aE 

* Comptes rendus, 40, 568, 1243 (1855). 

* Jour, cdiim. phys., 5, 29 (1907). 
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cases except those of chloride and nitrate, the amount of the 
salts which has to be added is apparently equivalent to the 
amount of chloride in the hydrosol. With chlorides and 
nitrates the amount to be added decreases very much more 
rapidly than the decrease in the amount of chloride originally 
present in the ferric oxide. Of this chloride originally present 
probably only a small part is actually adsorbed by the ferric 
oxide. The balance is a measure of the cation adsorbed— 
presumably hydrogen—which gives the hydrosol its stability. 
If we add an anion which is adsorbed as much or nearly as 
much as the hydrogen ion, we shall get coagulation when the 
new anion is added in approximately equivalent quantities. 
This would account for Duclaux’s results. It seems to me, 
however, very improbable that these six anions are all adsorbed 
to practically the same extent and I think it extremely probable 
that a repetition of the experiments will show a greater varia¬ 
tion than from 13 to 19. In fact, Duclaux’s experiments do 
not agree with those of Pappad^.' The order of anions ac¬ 
cording to Uuclaux is chromate, hydroxide, citrate, and sul¬ 
phate, the chromate being adsorbed the most. From Pappadd’s 
experiments on coagulation, I deduce the order: citrate, 
chromate, sulphate, hydroxide. Duclaux’s results do not agree 
either qualitatively or quantitatively with those of Hardy.® 
GiolittP has made quite an extended study of colloidal 
ferric oxide. He finds that considerable quantities of hydro¬ 
chloric, hydrobromic, hydriodic, nitric, perchloric, and bromic 
acids must be added to a suspension of the P6an de St. Gilles 
ferric oxide in order to cause precipitation. The oxide comes 
down as a brick-red powder which is peptonized by water as 
soon as the excess of acid is washed out. For a suspension 
containing 0.116 percent Fe the limiting concentration of the 
add necessary to produce complete predpitation was found 
to be 0.730-0.773 percent HNO3. Less nitric add was neces¬ 
sary with more dilute suspensions of ferric oxide, but the acid 

' Zeit. Kolloidchemie, 9, 233 (1911), 

* Mdber: “Physikalische Chemie der Zelle und Gewebe/' 333 (1911)* 

* Gazz. chim. ital., 35 II, 181 (1905); 36 II, 157, 433 (1906). 
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concentration falls off much less rapidly than the iron concen- 
traticm. 

Traces of sulphuric, sulphurous, iodic, periodic, boric, 
and phosphoric acids, and of salts precipitate the P6an de 
St. Gilles ferric oxide; but they precipitate it in a gelatinous 
form which does not redissolve when the precipitate is washed. 
Owing to the marked adsorption it is not easy to wash out these 
acids and salts, and the insolubility may be due in part to that. 
It seems to me more probable that the insolubility in water 
is due chiefly to the precipitate being gelatinous and, therefore, 
coalescing into a continuous mass which is not peptonized 
readily by water. 

This precipitation of ferric oxide as a sandy mass by hydro¬ 
chloric acid and as a gelatinous one by sulphuric acid is an 
important matter about which we appear to know very little 
theoretically. The formation of the gelatinous precipitates 
cannot be a matter involving the hydrogen ion because we 
get the effect with sodium sulphate and do not get it with hydro¬ 
chloric acid. Since it occurs with a number of different acids 
and salts, the effect cannot be due to a specific anion. The 
one common characteristic is that the anions precipitate in low 
concentration and are, therefore, adsorbed strongly; but this 
does not enable us to distinguish between the possible hypothe¬ 
ses of the effect being due to the strongly adsorbed anion or 
to the solvent action of the adsorbed salt. It has been shown 
by von Weimam^ that cellulose can be converted into a gelat¬ 
inous ma.ss by heating with concentrated salt solutions, pref¬ 
erably under pressiue. In the particular case of ferric oxide, 
the salt concentrations are low, which makes it a little more 
probable that we may be dealing with an effect of the anion 
rather than of the salt; but on the other hand it is open to 
anybody to postulate a high salt concentration in or at the 
surface of the ferric oxide. 

There are no data as to whether it is a general phenomenon 
that certain coagulants precipitate suspended particles in a 


‘ Zeit. Kolloidchemie, ii, 41 (1912). 
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distinctly gelatinous form; but isolated cases are known. 
Od 4 n states* that different salts cause colloidal sulphur to 
coagulate in different ways. “When precipitated with hydro¬ 
chloric acid, the coagulum is liquid; when precipitated with 
barium salts, a plastic mass is obtained; with copper sulphate 
the precipitate is very fine-grained; while certain other salts 
cause a slimy precipitate.” 

It is quite probable, though not proved in any way, that 
the differences in the degree of reversibility when albumin is 
precipitated by different salts may be due in part to the physi¬ 
cal characteristics of the deposit. Lime and sodium nitrate 
both flocculate a suspended clay under certain conditions; 
but lime is added to soils to keep them in good physical state, 
while sodium nitrate is said to be detrimental in this respect. 
Since the gelatinization of ferric oxide is due to the taking up 
of water, it is quite possible that the action of acids and salts 
in causing the swelling of gelatine may be another instance 
of the same sort. We know also that certain salts will stabilize 
the blue hydrous copper oxide ;■* but no experiments have been 
made to see whether the hydrous form is obtained when black 
copper oxide is ground up with a suitable quantity of one of these 
salts. We know, however, that caustic soda tends to change 
sandy silica to gelatinous silica and we know also that when 
silica is ground very fine, it goes into solution when heated 
with water, and then separates in a gelatinous form.® 

The sandy suspension, obtained by the method of Pean 
de St. Gilles, seems to be fairly uniform. It all precipitates 
at once when a certain concentration of nitric acid is reached. 
This is not the case with the ferric oxide prepared by the 
method of Graham. Addition of a suitable amount of nitric 
acid to the Graham ferric oxide causes a fractional precipita¬ 
tion. Thi s is because the more hydrous form changes grad¬ 
ually on standing to the less hydrous form which latter pre¬ 
cipitates first when nitric acid is added. The first precipi- 

^ Od^n: '‘Der kolloide Schwefel/' 157 (1912). 

2 Blucher and Famau: Jour. Phys. Chem., 18, 629 (1914)- 

^ Desch: **The Chemistry and Testing of Cements/’ 58 (1911). 
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tate shows the general properties of the P6an de St. Gilles 
oxide and is readily peptonized by water. 

Giolitti estimates the diameter of the particles which 
are peptonized by water at about 7/1, while the gelatinous 
precipitate is made up of particles so fine that their size could 
not be determined. These very small particles react readily 
with cold acids while the coarser particles, obtained by the 
method of P 6 an de St. Gilles, do not. 

The color changes of hydrous ferric oxide are distinctly 
interesting. Goodwin ‘ pointed out that a dilute colorless 
solution of ferric chloride changes spontaneously to a yellow 
color and then to a reddish yellow color, the conductance 
increasing all the while owing to the setting free of hydrochloric 
acid. Malfitano® obtained a yellow solution by a gentle 
warming of a dilute ferric chloride solution or by adding ferric 
chloride to the reddish brown precipitate of the Graham 
ferric oxide. Fischer^ prepared the yellow colloid by heating 
the Graham ferric oxide with hydrochloric acid. Under 
these conditions, he always obtained, in addition, varying 
amounts of a red to black precipitate. The yellow substance 
is apparently a limonite and the red a haematite. The 
fact that a mixture of these two substances is formed, one 
with a water content of 10-50 percent and the other with a 
water content of less than 5 percent, is due undoubtedly to 
the fact that the Graham ferric oxide is not uniform. The 
haematite is the result of aging the P6an de St. Gilles ferric 
oxide, while the limonite comes from the Graham oxide. 
Fischer did not try the experiment; but it is quite certain 
that the relative amounts of the yellow and the dark red oxides 
would vary if one changed the lengths of time between pre¬ 
cipitation and heating. 

Ruflf'' considers that the yellow modification consists of 
a definite chemical compound, (Fe203)2.3H20, plus adsorbed 

1 Zeit. phys. Chem., 21, 4 (1896). 

Ibid., 68, 232 (1909). 

* Zeit. anorg Chem., 66, 37 (1910). 

* Ber. deutsch. chem. Ges., 34, 3417 (1901). 
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water, and that it is a hydrous hydrated ferric oxide instead 
of a hydrous ferric oxide. While this may be true, the evi¬ 
dence in favor of this hypothesis is distinctly not conclusive.^ 
What we do know definitely is that the yellow form is denser 
than the other and that it contains more water under the same 
conditions. It is possible that the yellow form owes its color 
to the presence of an adsorbed ferric salt. That would ac¬ 
count for the yellow modification being obtained by addition 
of ferric chloride (Malfitano), by heating with hydrochloric 
acid (Fischer) or by oxidation of ferrous oxide (Phillips). 
We might bring Goodwin’s results into line by postulating 
that the acid concentration was so low in his solutions that 
the positive charge was due to adsorbed iron and not to ad¬ 
sorbed hydrogen. This is a more plausible hypothesis than 
Ruff’s; but it is as yet nothing more than a hypothesis. 

By adding glycerine, Fischer‘S has obtained a hydrous 
ferric oxide which is not coagulated by dilute alkali. Since 
this adsorbs hydroxyl in excess, it moves to the anode under 
electrical stress. The conditions of precipitation have not 
been studied sufficiently to make it worth while to discuss 
this case further. 

The general results of this paper are: 

1. Any number of hydrous ferric oxide solutions can be 
prepared, each differing somewhat from the next. 

2. The ferric oxide, prepared by the method of P6an de 
St. Gilles, is sandy and contains relatively little water. 

3. The ferric oxide, prepared by the method of Graham, is 
gelatinous and contains more water than the P6an de St. 
Gilles oxide. 

4. The ferric oxide, prepared by the method of Graham, 
is not as homogeneous as the other because it is always chang¬ 
ing slowly into the less hydrous form. 

5. Though the particles of the P6an de St. Gilles oxide 
are coarser (about 7^) than those of the Graham oxide, their 

^ Cf. van Bemmelen: “Die Absorption/’ 76 (1910). 

* Biochem. Zeit,, 27, 223 (1910); Cf. Grimaux: Comptes rendus, 98, 1485 

(1884), 
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sandy character makes them coalesce less readily and conse¬ 
quently they are peptonized more readily after precipitation 
by hydrochloric or nitric acid. 

6. The salts and adds which predpitate the P6an de St. 
Gilles oxide readily, predpitate it in a gelatinous form ap¬ 
proximately that of the Graham oxide. The irreversibility 
of the predpitation seems to be due more to the coalescing 
of the somewhat gdatinous particles than to the difficulty 
of washing out the excess of the predpitating agent. 

7. It is probable, though not proved, that a difference 
in the physical properties of the precipitated mass may play 
a part in the irreversibility of predpitation of albumin, etc. 

8. The coarse particles of the Pdan de St. Gilles oxide 
are less readily attacked by cold adds than are the very fine 
particles of the Graham oxide. 

9. There is no satisfactory theory as yet for the yellow 
color of hydrous limonites. It is not probable that we are 
dealing with a hydrous hydrated oxide and it is not proved 
that the color is due to the adsorption of an iron salt, though 
this is a possible hypothesis. 

10. The fact that Fischer obtained both limonite and hae¬ 
matite by heating the Graham ferric oxide with hydrochloric 
add is undoubtedly due to the inhomogeneity of the Graham 
oxide. 

Cornell University 



A UNIQUE GEOPHYSICAL PHENOMENON, TRINI¬ 
DAD ASPHALT, INTERESTING FROM THE 
POINT OF VIEW OF DISPERSOID 
CHEMISTRY 

BY CLIFFORD RICHARDSON 

The asphalt, found in a deposit of many millions of tons 
in the crater of an old mud spring or geyser in the Island of 
Trinidad, B. W. I., is a unique geophysical phenomenon and 
one which must be interpreted by the principles of dispersoid 
or colloidal chemistry. Over an area of more than a hundred 
acres and to a depth of more than 135 feet the asphalt exists 
in this crater as an astonishingly uniform material. It is in 
process of formation at the present time. It consists of a com¬ 
plex system of several phases, gaseous, liquid and solid, or¬ 
ganic and inorganic, more or less in equilibrium, displaying 
colloidal properties of industrial as well as scientific interest. 
The asphalt owes its origin to certain geological conditions 
existing side by side in that locality. Oil sands occur at 
different depths, which contain vast quantities of petroleum 
as has been demonstrated by the many wells which have been 
successfully sunk, a petroleum of unique character, differing 
from any previously known, and of a highly asphaltic nature. 
Rising toward the surface along some line of least resistance 
the petroleum meets the paste of fine silica and clay which 
forms the mud of the spring. With this the oil becomes emulsi¬ 
fied, probably by the action of the natural gas which accom¬ 
panies it at very high pressure. In the lapse of time the en¬ 
tire crater of the spring has been filled with the resulting ma¬ 
terial and it has overflowed the rim, running down the slopes 
to the sea. Fresh material is in process of formation today 
and issues at several points on the surface of the deposit of a 
■consistency so soft that it can be readily moulded into balls 
with the hands, without adhering to them, owing to the free 
water with which it is associated. This so-called “soft 
pitdi’’ is also accompanied with natural gas of tmusual com- 
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position, containing in addition to the hydrocarbons usually 
foimd in such gas, carbon dioxide and hydrogen sulphide, in 
some localities in the neighborhood of the deposit, as much as 
33 percent of the former and 3.5 percent of the latter. At 
the same time the soft pitch itsdf is evolving gas, either the 
result of the release of pressure or of a reaction going on be¬ 
tween the bitumen and the mineral matter it contains, this 
gas consisting largely of hydrogen sulphide and carbon dioxide, 
probably the latter cause, as it continues for years after the ma¬ 
terial has been exposed to the air, while if the soft asphalt 
is sealed up in a tin can the latter will explode in the course 
of time from the gas pressure developed. 

The main mass or older form erf the asphalt in the crater 
is sufficiently hard to make it possible to flake it out in large 
pieces of from 50 to 100 pounds in weight. In this form it 
resembles an exaggerated Swiss cheese owing to the gas cavi¬ 
ties it contains. While brittle enough for this, an excavation 
of some depth at any point is filled up and obliterated in twenty- 
four hours by the flow of asphalt from the adjoining material. 
Targe masses of the asphalt taken from the deposit and kept 
in storage, without lateral support, present all the features 
of the glacial flow of ice. 

The asphalt, therefore, originating in a soft condition, 
as demonstrated by the fresh material, which is constantly 
being formed and which emerges near the center of the deposit, 
becomes hard in the comse of a year or two. The cause of 
this and of the evolution of the gas which is observed may be 
attributed to the presence of a catalyzer. As will be shown, 
the asphalt contains clay in a highly dispersed condition, 
carrying adsorbed ferrous sulphate, which may play such a 
r61e. 

As long ago as 1891 and again in 1895, the writer made a 
personal inspection of the deposit and collected specimens 
of the asphalt at various points on the surface and to a depth 
of 135 feet, the latter with the aid of a wash drill. In connec¬ 
tion with this operation it was found that the mass of asphalt 
was in a constant state of motion owing to the evolution of 
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gas, as evidence of which the drill was tilted to such an angle 
that the boring could not be continued beyond the depth 
reached. The same fact was also demonstrated by driving 
a line of wooden plugs in the surface of the deposit and notic¬ 
ing their displacement in the course of time. 

It was found from an examination of the specimens 
representing the material as it exists in different parts of the 
deposits, that it contains ever5rwhere 29 percent of water, 
which proves to be of thermal origin and of remarkable char¬ 
acter, in that there was found to be present in solution, on 
evaporation of some of it obtained in the early methods of 
drying and refining the material, about 20 grams of different 
salts per hter, and that these were of a somewhat surprising 
character. Although the principal salts are chlorides and sul¬ 
phates of soda, there is also present ferrous sulphate in suffi¬ 
cient amount to give the water a strong acid reaction, together 
with sulphate of ammonia and small percentages of iodides 
and borates. Attempts to separate this water from the 
crude asphalt, by the use of solvents for the bitumen, were 
not successful, as it was found to be closely held by the clay 
and mineral matter of the material. It does not rise to the 
surface of the solvent. The sample examined was, therefore, 
obtained from refining stills in which the material was heated 
and melted and is, in consequence, somewhat altered and con¬ 
centrated by the conditions to which it has been subjected. 
It is a notable fact, however, that on pulverizing the crude 
asphalt and exposing it to the air for some hours, all the water 
is lost which does not exist as watCT of hydration of the clay. 

The specimens thus dried at their source were examined in 
the United States, with results, averages of which are given 
in the accompanying table. 

The method of examination consisted in extracting the 
bitumen with carbon disulphide and ignition of the residue 
for the determination of mineral matter. By this method 
of analysis it was found that over 9 percent of material remained 
undetermined. For some years this was looked upon as being 
organic matter not soluble in carbon disulphide, but further 
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Average Composition of Trinidad Lake Pitch in Circles 



Bitumen 

Mineral 

Undeter¬ 


by CS* 

matter 

mined 


percent 

percent 

ll)ercent 

Circle 2, 200 ft. from center 

55 02 

35 - 4 * 

9 57 

Circle 4, 400 ft. from center 

54-99 ! 

35-40 

9.61 

Circle 6, 600 ft. from center 

54 84 ' 

35.49 1 

9.67 

Circle 8, 800 ft. from center 

54 66 1 

35-56 i 

9-78 

Circle 10, 1000 ft. from center 

54-78 

35 44 

9.78 

Circle 12, 1100 ft. from center 

54-62 i 

35-45 i 

9 93 

General average 

54-92 i 

35-46 i 

9.72 

Circle 14, 1400 ft. from center 

5.^-86 

36.38 

9.76 


researches showed that it is, in fact, water of hydration of 
the clay, a small percentage of bitumen absorbed by the lat¬ 
ter and not removed by carbon disulphide, and of volatile 
salts lost on ignition. This has been discussed in a paper 
entitled “The Proximate Composition and Physical Struc¬ 
ture of Trinidad Asphalt, ” presented before the American 
Society for Testing Materials and appearing in the proceed¬ 
ings of the Society, Vol. 6, 509 (1908). 

The results of the preceding analyses show plainly the 
fact that the enormous mass, many millions of tons, of the 
crude asphalt found in the deposit, is of astonishingly uni¬ 
form composition, and that the conditions under which it 
was and is being formed involve a certain equilibrium between 
the components which the writer will not attempt, as yet, to 
explain. 

The proximate composition of the crude material is as 
follows: 



Crude Trinidad 
asphalt 

Water and gas 

29.0 

Bitumen soluble in cold carbon disulphide 
Bitumen adsorbed and retained by the disperse 

390 

t 

mineral matter 

Mineral matter on ignition with tricalcium 

0.3 

phosphate 

27.2 

Water of hydration of clay 

4.2 
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The character of the gas and the water in the crude asphalt 
has already been mentioned. The mineral matter obtained 
on ignition consists of impalpably fine silica, clay, and the resi¬ 
due of the salts contained in the water which are not volatile. 
The silica exists as sharp transparent flakes having all the 
appearance, imder the microscope, of having existed in solu¬ 
tion in water under pressure, on releasing which it has sepa¬ 
rated in its present form, as suggested by Dr. Carl Barus. 
The particles of silica are much larger, naturally, than those 
of the clay, but the largest are no greater than 0.26 mm in 
diameter. By treatment of the mineral matter obtained on 
ignition with strong hydrochloric acid, it can be obtained in a 
perfectly white condition, the iron readily going into solu¬ 
tion, probably, being largely derived from the ferrous sul¬ 
phate existing in the water. The insoluble portion amounts 
to 85 percent. 

In the study of the asphalt efforts were made for many 
years to prepare from it, by means of solvents, a bitumen 
free from mineral matter. None of these was successful, a cer¬ 
tain amount of it remaining in a solution made with any sol¬ 
vent which completely dissolved the bitumen. At the same 
time this was not to be detected under the ordinary micro¬ 
scope. An explanation was not discovered until recently, 
when it was found, on examining a solution of the crude asphalt 
or of the dried material in pure carbon disulphide, which had 
been allowed to settle for some weeks or months, and even 
when it had been centrifugaled for some hours, that it con¬ 
tained mineral matter to the extent of 2 percent or more, 
which, with the aid of the ultra-microscope, was revealed as 
particles in the high state of motion, characteristic of highly 
dispersed solids. This accounts for the fact that they could 
not be removed by ordinary filtration or by centrifugal force, 
nor could they be entirely removed by passing once through a 
Chamberland filter. By repeated use of such a filter, the col¬ 
loidal material becomes agglomerated and clogs the pores 
to such an extent that it forms an ultra filter and can be 
collected. It has been found to consist largely of bitumen 
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adsorbed by clay and other mineral matter existing in the 
highly dispersed condition in which it occurs. On ignition 
of this material the residue amounted to 20.5 percent, which, 
of course, owing to the loss of water of hydration of the clay 
and the volatile inorganic matter, is much smaller than the 
actual a m ount of hydrated mineral matter present. This 
figure is evidence of the peculiarly high adsorptive power of 
the disper.se solid colloids and, probably, also of a selective 
adsorption, as will appear later. 

If the disperse material immediately after filtration is 
treated with carbon disulphide it is again dispersed as a sol, 
which may, therefore, be denominated a bitusol. 

If while still adhering to the Chamberland filter it is 
further washed with disulphide removing some of the bitumen, 
it no longer becomes a .sol on taking up with the disulphide, 
showing that the bitumen has acted as a protective colloid. 

If light naphtha is used as a solvent all the bitumen of 
the asphalt is not dissolved, that is to say, this is not a uni¬ 
versal solvent for all classes of bitumen. With a naphtha 
of 88° B. density, only 57 percent of the entire bitumen in 
the air-dried crude asphalt goes into solution, and the solu¬ 
tion differs from one made with carbon disulphide in that it 
carries no disperse solids, .showing that the bitumen soluble 
in naphtha is not adsorbed by the disperse solids in the same 
manner as that soluble in carbon disulphide alone. 

The crude asphalt appears from the preceding observa¬ 
tions to consist of a suspension of relatively large size mineral 
particles in an extremely viscous medium, together with highly 
dispersed mineral matter in colloid form, intimately mixed 
with an emulsion of a thermal water with the bitumen present. 

If the dried or refined material is treated with a solvent 
and attempts made to remove the mineral matter, as in the 
case of the asphalt from the deposit still containing water, 
the same results are obtained as far as the presence of dis¬ 
perse solids is concerned, showing that its colloidal charac¬ 
ter is not essentially changed by the heat treatment. 

It is of interest to observe that, as an indication of the 
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amount of colloidal material present in the asphalt, the min¬ 
eral matter obtained on ignition of the bitumen present in 
the carbon disulphide solution amounted in the case of the 
crude materlai to 8.02 percent after one week’s subsidence. 
After further sedimentation, probably by agglomeration, 
it fell to 3.4 percent in three months. This shows that a 
large amount of disperse colloid material is present in the orig¬ 
inal undried asphalt. In the refined or dried material the 
original percentage was 4.5 percent after one month’s sedi¬ 
mentation, and the changes which were found to go on in the 
course of time were as follows: 

1 month 

2 months 

4 

.S 

6 “ 

It appeared to be of interest to determine whether a 
system such as that found in nattne in the caSe of Trinidad 
asphalt, could be prepared synthetically with the purer forms 
of bitumen. For this purpose a crude Bermudez asphalt, 
which is practically free from mineral matter, was softened 
at a temperature below that of boiling water and a paste of 
colloidal clay and water intimately emulsified with it, some¬ 
thing which can be done with great readiness. 

When this emulsion was treated with carbon disulphide 
and allowed to settle, treating it in the same way as the crude 
Trinidad asphalt, it presented under the ultra-microscope 
the same appearance, the bitumen carrying disperse solid 
colloids which it had taken from the water, probably due to 
the greater capacity of the colloidal clay for adsorption of 
bitumen than of water. When a similar emulsion was made 
with a very dense asphaltic oil of 0.994 specific gravity, 
liquid enough to flow at ordinary temperatures, much less 
of the colloid matter was taken from the water by the bitix- 
men, showing the selective adsorption exercised by the dis¬ 
perse clay. 
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When the water was removed from the Bermudez emul¬ 
sion, which has been described, in the same manner as is prac¬ 
ticed in refining the crude Trinidad asphalt, a material was 
obtained containing clay and corresponding to refined Trini¬ 
dad asphalt. On dissolving in carbon disulphide and centri- 
fugaling for one hour, the presence of disperse solid colloids 
were evident under the ultra-microscope and, on ignition, a 
residue of clay, 0.67 percent of the bitumen, was recovered, 
as compared to 2.08 percent in the case of the refined Trini¬ 
dad asphalt. The difference may be attributed either to the 
fact that the clay in use in making the synthetical Bermudez 
product was not as highly colloidal as that associated with 
the Trinidad bitumen, or to the fact that the bitumen of 
the Trinidad asphalt is one which is adsorbed more readily 
and acts as a better protective colloid than that of the Ber¬ 
mudez material or the oils. With the liquid asphaltic bitu¬ 
men the amount of colloidal clay which was taken up was 
only sufficient to give a residue of 0.17 percent on represent¬ 
ing the clay present as a bitusol. 

In addition to the scientific interest in the presence of 
solid disperse matter to such an extent in the Trinidad Lake 
asphalt, it is of great importance from an industrial point 
of view, since the presence of such a large amount of material 
in a suspensoid and dispersoid state adds enormously to the 
surface energy developed by the material, and this has been 
shown to be of great importance in the construction of asphalt 
surfaces. At the same time the great powers of adsorption 
of the disperse solid colloids present contribute an addi¬ 
tional feature of value. Such an asphalt presents greater 
viscosity, smaller ductility and susceptibility to tempera¬ 
ture changes than bitumens in which disperse solids are not 
naturally present, and the lack of which is made up in prac¬ 
tice by the addition of an ordinary mineral dust which cannot 
present the same surface area as that provided by the highly 
dispersed colloids which are contained in Trinidad asphalt. 

From the data presented it appears that in Trinidad 
asphalt we have a unique geophysical phenomenon and one 
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which it will be of interest to study further for the purpose 
of explaining its origin and constitution. 

In conclusion the writer desires to thank Dr. Philip 
Schneeberger, who has aided him efficiently in the more 
recent laboratory work, which has supplied the data contained 
in this paper. 

January JS, 1915 



NEW BOOKS 


Ziir Lehre von den ZustMnden der Materie. By P. P. von Weimarn, Vols. 
I and IL 22 X 15 cm; pp. v -f JQO. Dresden: Theodor Steinkopff, igi4. Price: 
7 marks, paper .—The author has put into book form the articles which he has 
published in the last half a dozen years. The first volume contains the text 
while the second volume is an atlas containing microphotographs of precipi¬ 
tates in different stages of crystallization. 

The author distinguishes five stages of supersaturation of sparingly soluble 
substances. In the first stage, precipitation is very slow and large crystals are 
obtained in the course of years. In the second stage good crystals are formed 
in a relatively short time. With increasing supersaturation we reach the third 
stage in which skeleton crystals precipitate In the fourth stage we get a plastic 
or jelly-like precipitate, while the fifth stage gives a precipitate which cannot at 
first be differentiated either by the microscope or the ultra-microscope. For ba¬ 
rium sulphate produced by the interaction of manganese sulphate and barium 
sulphocyanate, the limiting concentrations for the five stages are approximately 
iV/zoooo-JV/yooo, N/jooo-N/GiXi, N/6oo-o.7$N, o.jsN-^N, 3N-7N. The 
author states that he has studied over a thousand cases and has never found an 
exception. It must be remembered, however, that most people would consider 
the dilute solutions as colloidal suspensions, and that there is also a question to 
what extent the precipitates from the concentrated solutions are or are not hydrous. 

In addition to a theory of precipitation the author has also a theory of pep¬ 
tonization. He considers that the precipitate first dissolves in the peptonizing 
agent and then precipitates again. On this basis, peptonization would apparently 
always mean the conversion of a fine-grained precipitate into a coarser one. In 
fact, von Weimarn says, p. 67, that the necessary and sufficient conditions for 
peptonization are: 

1. The solid crystalline substance must be of so small crystals that the 
physical and chemical properties vary with the size of the crystals. 

2. The peptonizing substance must have the power at sufficiently high con¬ 
centrations to form a stable, soluble, chemical compound with the substance 
which is peptonized. When the concentration of the peptonizing agent is suffi¬ 
ciently low, no such compound must be formed. 

3. The medium in which peptonization takes place must have practically 
no solvent action on the substance to be peptonized when no peptonizing agent is 
present. 

This formulation has the great advantage of being definite. One knows ex¬ 
actly where the author stands and he is not juggling with words. So far as the 
reviewer knows the author is the only person who has ever dared to commit 
himself to a theory of peptonization. For this we owe him many thanks quite 
regardless whether his theory proves to be right in all details or not. It seems 
to the reviewer that the autlior has not laid sufficient stress on the conditions 
of stability of a sol and that he, therefore, does not take sufficiently into account 
the importance of the adsorption of a specific ion in causing peptonization. 
The reviewer is also somewhat doubtful whether the particles in a sol are always 
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coarser than those in a precipitate which can be peptonized. The fact that a 
soap solution will carry rouge through filter paper indicates pretty strongly that 
a disintegration has taken place. Wilder V. Bancroft 

Tables annuelles intemationales de constantes et donn^es num^riques. 

Edited by Ch. Mark. VoL HI, 1912. 23 X 2S cm; pp. v -f S93- CMcago: 

University of Chicago Press, igi4. Price: $6.80. The indefatigable editor has 
succeeded in getting out a third volume of this valuable reference book Though 
the field to be covered grows larger each year the editor has shortened the vol¬ 
ume by one hundred and thirty pages. In the sections on chemical equilibria, 
reaction velocities and electrical conductivity, it has l>een found possible not to 
give all the data in full. This is a distinct improvement. The section on col¬ 
loids has been cut down by eliminating data in regard to substances which are 
in themselves ill-defined or which have been obtained under conditions which are 
ill-defined. 

Owing to special financial assistance it has been found possible to issue the 
sections on spectroscopy, radioactivity, electricity, magnetism and electro¬ 
chemistry, metallurgy and engineering, mineralogy, and biology as separate 
pamphlets. The volume was completed before the European war broke out, so it 
is not known what effect this will have on the International Tables; but it seems 
probable that the financial support will be decreased to some extent and that the 
difficulties of compiling the tables will necessarily be increased enormously 

Wilder D. Bancroft 

A Laboratory Guide to the Study of Qualitative Analysis. By E. H. S. 

Bailey and Hamilton P. Cady. Seventh Edition. 1$ X 21 cm; pp. v 280. 
Philadelphia: P. Blakiston's Son df Co., 1914. Price: $i 2$ net. The fifth edi¬ 
tion has been reviewed (10, 223). The present one differs from it only in a few 
places, some changes having been made in the separation and identification of 
iron, aluminum, chromium, manganese, zinc, nickel, and cobalt. Since every 
other page is blank in the body of the text, there are not so many pages of read¬ 
ing matter as one might expect from the size of the book. 

The reviewer was distinctly interested in a broader statement of Berthollet’s 
Law, p. 9. “The conditions which favor reactions are that two or more of the 
ions shall unite to form either a compound which passes out of solution, or that 
they shall unite to form a compound which is only slightly dissociated.” The 
first condition is the one usually given of the formation of an insoluble or vola¬ 
tile substance. The second covers such cases as the addition of hydrochloric 
acid to a sodium acetate solution or the addition of potassium cyanide solution 
to silver cyanide. One valuable feature about the manual is that stress is laid 
on the reversibility of reactions. Wilder D. Bancroft 

Von Nostrand’s Chemical Annual. By John C. Olsen. Third edition. 
13 X 19 cm; pp. 669. New York: D. Van Nostrand Co., 19x3. Price: $2 50. 
The third edition of this chemical handbook presents a much neater appear¬ 
ance than the old edition. It is printed on a good quality of thin paper and con¬ 
tains an unusually large number of useful constants, chemical formulae, and 
properties. It contains, respectively, the following tables: Atomic Weights, 
the Periodic System, Specific Gravity of Gases, Physical Constants of the Ele- 
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ments, Factors and Logarithms for Direct and Indirect Gravimetric Work, 
Various Factors for'Volumetric Analysis, Various Constants for Oils, Fats and 
Waxes, Gas Analytical Determinations, Physical Constants of Chemical Com¬ 
pounds, Specific Gravity Tables, Vapor Pressure and Boiling Point Tables, 
Equivalent Weights and Measures, and a number of tables giving the thermo¬ 
chemical changes for chemical reactions. 

A classified bibliography of books published since 1909 with price of the 
books and the place of publication is given at the end of the volume. 

Tables are arranged in a clear-cut manner, and the index serves as a ready 
guide to these tables. The actual values given are, in general, probably more 
accurate than those of handbooks published heretofore, and while not contain¬ 
ing as many facts as the "'Chemiker Kalendar,” it contains the facts better ar¬ 
ranged and with an index. The mass of useful facts in this volume is probably 
as great as in that of the “Chemiker Kalendar.” Charles W. Bennett 

The Spectroscopy of the Extreme Ultra-Violet. By Theodore Lyman. 

X 16 cm; pp. V 135. New York: Longmans, Green Co., IQ14. Price: 
$1.30 .—This book is one of a series of monographs on physics edited by J. J. 
Thomson. The author is the best person to speak authoritatively on the sub¬ 
ject because he took up the work where Schumann was forced to drop it and has 
carried it on in an admirable manner. The book is divided into two parts, the 
first dealing with the ultra-violet and the second with the extreme ultra-violet. 
In the first part the chapters are entitled: photometry in the ultra-violet; absorp¬ 
tion of solids and gases. In the second and more important part, the subject is 
treated under the headings: apparatus and methods of investigation in the ex¬ 
treme ultra-violet; absorption of solids and gases; emission spectra of gases; 
emission spectra of solids; photo-electric and photo-abiotic phenomena; the 
limit of the spectrum. 

It seems to be fairly well established, p. 17, that the limit of the solar spec¬ 
trum is independent of the altitude between sea-level and 9000 meters. It is 
evident, therefore, that the absorbing agent must either possess an extremely 
steep absorption curve or reside in the very uppermost layers of the earth’s atmos¬ 
phere. The author inclines to the view, p. 22, that the absorbing agent is ozone, 
though he considers that this is not yet established definitely. 

There is an interesting paragraph on p. 91. ” After the work with the 
(aluminum] spark in hydrogen was completed, an investigation by Lenard on 
volume ionisation renewed the interest in the nature of the aluminum spark in 
air. It has been shown that the ability to produce volume ionisation by light 
increases in the Schumann region with decrease in wave-length; in fact, some in¬ 
vestigators go so far as to as.sert that the phenomenon only occurs when light 
on the more refrangible side of X1400 is employed. Now Lenard obtained very 
strong ionisation when he used a very powerful spark between aluminum ter¬ 
minals, and his results indicated that the effective light lay in the extreme Schu¬ 
mann region. On consulting the data for the aluminum spark in hydrogen, it 
was obvious that no strong lines existed in the extreme ultra-violet. Unless, 
therefore, lines are to be found in the spectrum of the aluminum spark in air 
which were not present with the spark in hydrogen, Lenard’s results could not 
easily be explained New experiments were accordingly undertaken with the 
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grating spectroscope; they yielded more interesting results than any of the pre¬ 
vious attempts of this character. . Near \isoo, with the spark n air, 

there is a group of strong lines not observed with the aluminum spark in hydro¬ 
gen. It is to this group that the ionisation effects observed by Lenard are 
largely to be attributed.” The author docs not give any reason for the appear¬ 
ance of these lines in air; but it seems to the reviewer that they should be at¬ 
tributed to some reaction taking place in air and not in hydrogen. 

Another interesting paragraph is to be found on p. 107. “The statement 
that indirect experiments on the extension of the spectrum are not conclusive 
has obviously no reference to the extremely important work of Tane, Friedrich, 
Knipping, and the Braggs. They have established the fact that the X-rays 
are a form of ether vibrations whose wave length is of the order of one Angstrom 
unit, or about one nine-hundredth that of the shortest wave length obtained by 
the direct method. There is thus a gap of about nine hundretl units between the 
shortest known wave lengths which have been directly measured and the region 
o'* the X-rays In this gap the behavior of light towards solid and gaseous 
substances suffers a profound change In the Schumann region the general 
opacity of matter to light is the most important characteristic, in the region of 
the X-rays, its transparency s a most striking phenomenon. The alteration 
in the behavior of matter toward light is intimately connected with the vast 
increase in frequency. It will probably necessitate a considerable change in 
the methods of investigation if the gap in question is to be successfully bridged. 

“An example of the direction in which this change of methods is likely to 
take place is furnished by the recent work of Dember. He has produced X-rays 
by the bombardment of photo-electrons whose speed was acquired in falling 
through a difference of potent'a! of the order of twenty volts. He has e.stimated 
the wave-length of the rays by means of the Planck-Einstein formula, eV = hn 
The value he obtained is 745 Angstrom units, a figure strikingly near to the pres¬ 
ent limit of the spectrum from the concave grating. The result is very inter¬ 
esting and important, but the estimated wave-length cannot be accepted with¬ 
out reservation until the Planck-Einstein formula has been more fully estab¬ 
lished for a wider range of frequencies.” Wilder D. Bancroft 

Lehrbuch der physikalischen Chemie. By Karl Jellinek. Vol I. 16 X 

2$ cm; pp. vii -f- 732. Stuttgart: Ferdinand F^nke, 1914^ Price: paper, 24 
marks. It is the author’s plan to write an exhaustive treatise on physical chem¬ 
istry from the viewpoint of the physicist rather than of the chemist. The first 
volume deals with the properties of gases and includes also a long section on the 
properties of liquids. The manuscript for the second volume is finished; it in¬ 
cludes: the rest of the work on liquids; properties of solids; properties of dilute 
solutions and colloidal solutions of non-electrolytes. The third volume is to be 
devoted to a discussion of ether, electrons, ions, atoms, molecules. The fourth 
volume will probably be the largest of the four because it is to include chemical 
statics and dynamics, mechanochemistryl?], thermochemistry magnetochemis¬ 
try, electrochemistry, and photochemistry. It is an overwhelming task that 
the author has set himself and it is to be hoped that he will emerge from the 
struggle a victor. 

In the present volume one hundred and forty-five pages are devoted to a 
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discussion of some of the fundamental principles of physical chemistry. The 
next section, of two hundred and seventy pages, deals w th the gaseous state» 
after Which comes a chapter on the condensation of gases. A third section of 
nearly two hundred and fifty pages deals with the density, compressibility, 
thermal expansion, specific heat, viscosity, heat conduction, surface tension, 
and Vaporization of liquids. There is also a very elaborate bibliography and a 
rather inadequate index. The book contains portraits of Helmholtz, Clausius, 
Kelvin, and Boltzmann. 

The volume is dedicated to Chwolson and is evidently intended to come 
half-way between Chwolson’s Physics and Ostwald's General Chemistry. The 
first volume does not really enable one to tell how successful the author is to be. 
To the reviewer it seems as though the book were more purely a text-book of 
physics than Chwolson’s, but the difference will probably come out more clearly 
in the later volumes. 

In many places the author discusses matters in great detail; in others he is 
concise to the point of obscurity. The unfortunate student, who wonders why 
the nature of the tube has no effect on the capillary rise, will get very little com¬ 
fort or enlightenment out of the paragraphs on pages 6io and 6i8. Throughout 
the book the author seems to be more interested in the things we think we un¬ 
derstand than in the ones that we know we don’t. 

The author classifies the Nernst heat theorem as the third law of thermo¬ 
dynamics, p. 158, and gives as a formulation of it that “there is no process tak¬ 
ing place on a finite scale, by means of which a system can be cooled to the abso¬ 
lute zero.” On this basis the first law of thermodynamics postulates the im¬ 
possibility of a perpetual motion machine of the first class, the second law postu¬ 
lates the impossibility of a perpetual motion machine of the second class, while 
the third law, so-called, postulates the impossibility of reaching the absolute zero. 

The author defines physical chemistry, p. 10, as the science which attempts 
to explain the more complex chemical phenomena by means of the simpler 
physical phenomena. He considers that physical chemistry tries to apply the 
experimental and theoretical methods of physics to chemical phenomena. On 
p. II he says: “While research in physical chemistry from 1890 to 1905 was con¬ 
cerned chiefly in developing the field opened up by the great theories [of Guld- 
berg and Waage, Gibbs, van’t Hoff, Arrhenius, and Nernst], anew t>eriod dates 
from the discovery by Nernst in 1906 of the third law of thermodynamics, which 
is very closely related to Planck’s quantum theory (1900). This new period of 
physical chemistry is also characterized by the putting of the atomic theory 
on a firmer basis and by the development of the theories of radiation and of elec¬ 
trons.” Wilder D. Bancroft 

Evolution of Sex in Plants. By John Merle Cotdter. jq X 14 cm; pp 
w + 137‘ Chicago: The University of Chicago Press, Jgi 4 . Price: $1.00 net 
The headings of the chapters are: asexual reproduction; the origin of sex; the 
differentiation of sex, the evolution of sex organs; alternation of generations; 
differentiation of sexual individuals; parthenogenesis; a theory of sex. In the 
first chapter the author says. “In any discussion of the evolution of sex it is 
necessary to consider asexual reproduction. The extent to which asexual re¬ 
production occurs among plants is probably not fully appreciated. In many 
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of the lower thallophytes sexual reproduction is unknown, and in all plants ex¬ 
hibiting it there are also asexual methods of reproduction. It is probably true, 
taking the plant kingdom as a whole, that the multiplication of individuals 
is greater by asexual than by sexual methods. It is obvious, therefore, that 
sex is not an essential feature of reproduction. Historically it was the last 
method of reproduction attained among plants, and when il appeared it did not 
replace the older methods, but was added to them. 

“The significance of sex, tliercfore, is not to secure reproduction, but to se¬ 
cure something in connection with reproduction that the other methods do not. 
It is necessary to keep this fact in mind in considering the origin and real func¬ 
tion of sex Our conceptions of sex have largely been determined by its place 
in the life histories of the higher animals, in which it has become the only method 
of reproduction. It is difficult, therefore, to think of it as having any function 
apart from reproduction. Kven among the flowering plants, which represent 
the culmination of the plant kingdom, and which would have eliminated asexual 
refiroductiou if it was eliminated at all among plants, reproduction by tubers, 
bulbs, and cuttings, as well as the universal occurrence of microspores (pollen 
grains) and megaspores, testify to the fact that a.sexual reproduction is not even 
a declining method “ 

The primitive gametes are only swimming spores greatly reduced in size. 
Though they are small, motile, pairing cells which give rise to nuclear fusion, 
these things are not peculiar to gametes (p 135). “If pairing and nuclear fusion 
are not peculiar to gametes, although universally displayed by them, what is 
the essential feature^ The only answer that can be made is that gametes are 
pairing cells whose nuclear fusion results in the production of a new individual 
This means that in addition to possessing mutually attractive substances formed 
in connection with low metabolism, gametes po.ssess nuclei so constructed that 
when the two fuse a new individual is initiated This does not mean that neither 
gamete can produce a new' individual alone, for parthenogenesis would contra¬ 
dict this It means that a new individual can only be produced after the nuclei 
have fused. In other words, the essential feature of .sexuality must lie in the 
peculiar structure of the nuclei of the sexual cells. Whether this peculiar struc¬ 
ture is chemical or physical or both, must be a matter of opinion based on no 
direct evidence. It is reasonable to sufiixise that it is a problem belonging to 
the overlapping regions of physics and chemistry 

“In conclusion, the impression one obtains of sexuality as a method of re¬ 
production is that it represents photoplasts engaged in reproduction under 
Iieculiar difficulties that do not obtain in reproduction by spores or by vegetative 
multiplication, and that its significance lies in the fact that it makes organic 
evolution more rapid and far more varied.” Wilder D. Bancroft 

Exaxnination of Lubricating Oils. By Thos. B. Stillman. 23 X 16 cm; 
pp. 120 . Easton: The Chemical Publishing Co., 1914.. Price: $i 25.—This 
book gives a very clear account of the tests to be made in examining lubricating 
oils. Many of these tests are essentially physical chemical in nature, such as 
the flash and fire test, and the determinations of viscosity and specific gravity. 
The author has not confined himself solely to questions of manipulation. The 
■discussion of the flash test takes up the principles involved. Under the subject 
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of lubricating oils containing blown rape-seed and blown cotton-seed oils, p. 94, 
the author says: "'It is a peculiar fact, however, that a mineral oil alone does 
not give as satisfactory results in lubrication (especially cylinder lubrication) as 
does a mixture of mineral and vegetable or mineral and animal oils, one of the pri¬ 
mary causes being that the viscosity of mineral oils diminishes rapidly at high 
temperatures whereas the reduction of viscosity of vegetable and animal oils is 
very much less. If it were not for this peculiarity between these two classes 
of oils, mineral lubricating oils could easily supplant (on the score of cheap¬ 
ness) all other oils used in lubrication.’* Wilder D, Bancroft 

Handbuch der Mineridchemie. By C. Doelter. Vol 11 . Part VI. 18 X 
25 cm; pp. j6o. Dresden: Theodor Steinkopff, IQ14. Price: 6.50 marks — 
This number deals with the aluminum and iron silicates. The evidence seems 
to be condUvSive that no definite aluminum silicate is formed direct!v in the wet 
way. We get merely mixtures of colloidal alumina and colloidal silica. At 
high temperatures definite compounds are formed and of course the colloidal 
precipitate may change in time under conditions to a definite compound, though 
nobody knows whether this actually occurs or what the conditions arc The 
experiments of Mellor and Holdcroft are cited, p 83, to show th^t kaolin breaks 
up above 500® into free alumina, silica, and water. While this change seems very 
probable, the proof of it is not as satisfactory as one could like. 

There is an interesting chapter on the chemistry of porcelain, the subject 
being discusvsed under the headings; kinds of porcelain; manufacture of porce¬ 
lain; physical and chemical changes during the firing of porcelain; the properties 
of porcelain and the way they change with changing composition. 

There is a very pretty problem for somebody to work out, the reason for the 
color changes in topaz, p. 26, when exposed to radiiun rays, etc. Rhntgen rays 
turn colorless topazes yellow and intensify the tint of colored topazes. Radium 
rays color white topazes orange and change yellow or pink topazes to a dark 
orange. The dark orange color is changed to lilac by the action of ultraviolet 
light or by heating in air. When heated in sulphur vapor the dark orange 
topazes become green. Nothing seems to be known as to the chemical changes 
involved. Wilder D. Bancroft 

Taschenbuch fiir Gerbereichemiker und Lederfabrikanten. By H. R. 

Procter. Translated by Josef Jettmar. 12 X 15 cm; pp. v 4- 248. Dresden: 
Theodor Steinkopff^ 1914 -—This little book deals chiefly with the analytical 
details in the leather industry as is shown by the headings: introduction; alkalim¬ 
etry; testing water; unhairing, deliming and bating; qualitative testing of 
vegetable tannins; sampling and grinding of tanning materials; quantitative 
determination of tannin; testing the substances used in mineral tanning; analysis 
of formaldehyde and of salt; testing of soaps; oils and fats; testing for and de¬ 
termining grape sugar; analysis of leather; use of microscope; bacteriology and 
mycology, wilder D. Bancroft 



MOLECULAR ATTRACTION. XL NEW RELATIONS 
REVEALED BY DIAGRAMING INTERNAL 
PRESSURE AS A NEGATIVE PRESSURE 


BY J. E. MILLS 

Symbols .—Subscripts to symbols designate special or 
particular values. Pressures are expressed in millimeters of 
mercury, temperatures in degrees Centigrade, volumes in 
cubic centimeters, and energy in small calories. 

A, a, a, b, C, c arc constants. 
d denotes density of a liquid. 

I) denotes density of saturated vapor. 

E denotes energy. 

Eb denotes energy spent in overcoming external pressure. 

/ denotes force. 

L denotes total latent heat of vaporization. 

X denotes internal heat of vaporization = L — Eb- 
M denotes total mass taken. 

m denotes molecular weight, m' the mass of a molecule. 
n' is the constant of molecular attraction given by the 
L-Eb 

expression 

fi = 

M is the number of molecules in the mass taken. 

P denotes the external pressure. 

p denotes the internal pressure caused by the molecular 
attractive forces. 

R is the gas constant = 

s denotes the distance apart of the molecules. 

T denotes absolute temperature. 
t denotes temperature in degrees Centigrade. 

V denotes the volume of a gram of liquid. 

V denotes the volume of a gram of vapor. 

Although the significance of our thermodynamical for¬ 
mulae, and their mechanical explanation in terms of our usual 



258 


J. E. Mills 


molecular-kinetic conceptions, leave much to be desired, yet 
these formulae stand today apparently entirely deserving of 
the universal trust which they receive. For this reason I 
choose to begin the proof of the conception to be presented by 
using a thermodjuiamical equation, although as a matter of 
fact the conception arose from a consideration of very different 
equations and ideas. 

The Thermodynamical Equation, X = — p)(V—»). 

The Clausius-Clapyeron thermodynamical equation for 
the heat of vaporization of a liquid, 

dP T dP 

I. L = j (V —a) = 0.0431833 ^ T (V —v) calories, 


can be combined with the thermodynamical equation for the 
energy spent in overcoming the external pressure during the 
change of volume, 

p 

2. Fb = j (V — v) = 0.0431833 P (V — v) calories, 
and we have, 

dP 

3. L —Ek = X = o.043i 833 ^,T (V — t;) —0.0431833 P (V —d), 
or, 

dP 

4. P(V -V) = t ( y - v )-31414 X. 


The measurements desired have been aecurately made 
for isopentane’ by Dr. Sydney Young and that liquid is, 
therefore, chosen for study. The data used are shown in 
Table I. 

The ^ were obtained from the Biot equation, 

5. log P = a 4 - ba 4 - cfi‘, 

used by Young for smoothing the vapor pressures. On differ¬ 
entiating and changing to Naperian logarithms we obtain 
dP 

6- ^ = 5-3019 P (b log a.a* -f- c log i 3 ./ 3 ‘). 


1 Sci. Proc. Roy. Dublin Soc., 12, 374 (1910); Proc. Phys. Soc, London, 
Session 1894-95, p. 602. 
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The constants are given in the references cited. The values 
of the ^ so obtained are given in Table I. 

Drawing the usual pressure-volume curve, Fig. i, for 
isopentane at 120° C, we represent P(V — v) of Equation 4 
by the rectangle ABFE, and this area represents the work done 



Fig. I 

The rectangles ABCD, AiBiCiDi, etc., represent the heats of vaporization 
given by the thermodynamical Equation 4, each rectangle being upon a different 
temperature plane, and the internal heat of vaporization being represented by 
that portion of the rectangle below the line of zero pressure. AsCe represents 
the critical volume line. The line G-H represents equation 10 of Mills. The 
line MNO is the projection of the end points of the lines represented by Equa¬ 
tion 17 from Dieterici’s Equation 15, a complete curve for 120® C being given by 
the dotted line NO. The curve R-Y is the locus of the points a of Equation 22 
of Ramsay and Young. The lines AsCt, G~H, R-Y, and MNO, intersect at Cs. 
The diagram shows the possibility of plotting and studying the region of nega¬ 
tive internal pressure. 
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during expansion from volume v to volume V against the ex¬ 
ternal pressure P. If now we undertake similarly to represent 

the term ^ T (V — v) by an area, it clearly has the same base 

as before, hut the pressure ordinate is enormously greater than 
P and must, therefore, be extended into the region of negative 
pressure or must he extended as a positive pressure far beyond 
P {that is beyond A in the diagram). 

P 

If extended from E in a positive direction, the line T 

passing beyond A will clearly represent no pressure of which 

dP 

we have any direct evidence. While if "T be regarded as 

representing a total pressure, made up of the external pressure, 
and an internal pressure, it may be extended from A so as to 
pass into a region of negative pressure and this negative pres¬ 
sure may prove to represent the pressure arising from the molecular 
attraction. One knows certainly after a most elementary ac¬ 
quaintance. with mechanical conceptions that the internal 
pressure arising from the molecular attraction does act in a 
direction opposite to the usual pressure due to the kinetic 
motion of the molecules, and can be regarded, in a sense at 
least, as a negative pressure. 
dP 

Extending ^ T, therefore, from A in the negative direc¬ 
tion it becomes represented in the diagram by the line AD. 

dV 

The area ABCD, therefore, represents ^T(V — v), which is 

from Equation 4 the total heat of vaporization. Since ABFE 
represents the external work done in pushing back the ex¬ 
ternal pressure during the vaporization, the area EFCD 
will represent the internal heat of vaporization, denoted in 
Equation 4 by the term 31414 X. Therefore, according to 
our method of representation the internal heat of vaporiza¬ 
tion will appear always as a pressure-volume area below the 
line of zero pressure. Similar diagrams are drawn for isopoi- 
tane at 140“, 160°, 180° 187° and at the critical temperature 
187.8°. 
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It is important to note that at the critical temperature 
no area results because the factor V — v becomes zero, the fac- 

tor ^ T still retaining a significant value. 

I have here introduced and discussed the thermodynamical 
Equation 6 to show that it suggests very naturally the idea 
that the internal heat of vaporization should be represented 
as an area lying wholly below the line of zero pressure in an 
isothermal plane. If this idea is correct it should lead to con¬ 
clusions not hitherto recognized. No further conclusions of 
value are at once apparent from Figure i and this probably 
accounts for the failure of other investigators to study the 
facts from the point of view here adopted. Moreover the 
method of representation adopted would lead one to suppose 
that the negative internal pressure remained a constant during 
a change in volume. This certainly cannot be true. The 
true situation can be stated as follows: 

The negative pressures found are the average internal pres¬ 
sures during the given change in volume except at one point, 
the critical temperature. At the critical temperature there is 
no change in volume and the “average" negative pressure above 
found should represent the true internal pressure at this volume. 
This we find below to be the case when a correct value for the 

at the critical temperature is used. (We have before 

clearly proved ‘ that Equation 5 at and very near the critical 
temperature does not correctly represent the observed vapor- 
pressure curve, and that Equation 6 in this region will in 

dP 

consequence give values for the much too low. By di¬ 
rectly smoothing the observations of vapor pressure and their 

dP 

rate of change, a more nearly correct value of the ^ at the 

critical temperature, 379, is obtained. This value is also some¬ 
what too low owing to the fact that the percentage errors 
of observation are multiplied more than 60 times in obtaining 

the ^ directly from the observations.) 


‘ Jour. Phys. Chem., 9, 402 (1905). 
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The Equation of Mills, X = ju'(*Vd—*VD). 

In work upon molecular attraction and closely related 
phenomena I have shown,* I think conclusively, that the equa¬ 
tion, 

7. = constant = a*' or X = iu'(®V 5 —®Vd), 

is true, and that this equation can be derived easily and follows 
naturally, if the law governing the molecular force, /, is 


8 . i = 


constant ju'M , „ , 

-— = -J-, or more fully, f =-,— 


nm' 
s* • 


The truth of Equation 7 has been admitted finally by 
nearly all of those who have examined the work critically and 
who have published the results of their investigations, but a 
good many of these investigators have never been convinced 
that Equation 7 is really caused by the law of molecular force 
given in Equation 8. The objections advanced to Equation 
8 for the law of force have been from time to time answered 
in the papers cited, and all of this work is now undergoing 
revision in order that it may be published in a convenient form 
for critical inspection. 

We will proceed next upon the assumption that the in¬ 
ternal molecular pressure does arise from an attraction obe3dng 
the law given in Equation 8 and proceeding from the individual 
molecules. To determine the effect of this attraction per 
square centimeter of surface we note that the attraction of a 
molecule varies inversely as the square of the distance apart 
of the molecules. Now the number of molecules in any square 
centimeter of surface also varies inversely as the square of 
their distance apart. Consequently the internal molecular 
pressme per square centimeter varies as the fourth power of 
the distance apart of the molecules, and as a matter of fact 


' Jour. Phys. Chem., 6, 309 (1902); 8, 383, 593 (1904); 9, 402 (1905); 10, 
I (1906); II, 132. 594 (1907); 13, 512 (i‘k>9): 15, 417 (1911): 18, 101 (1914); 
Jour. Am. Chem. Soc., 31, 1099 (1909), Phil. Mag., Oct. (1910); July (1911); 
Oct. (1912); Trans. Am. Electrochem. Soc., 14, 35 (1908): Chem. News, 10a, 
77 (1910); and related papers. Mills and MacRae: Jour. Am. Chem. Soc., 3a, 
1163 (1910); Jour. Phys. Chem., 14, 797 (1910); 15, 54 (1911). 
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is given in millimeters of mercury, using the s)rmbols and 
constants adopted, by the expression. 


31414M 
P - - 3V-/ 


t? • X ^ 1,104,300 , , ^ 

hor isopentane f = — ^/, > since u = 105.46. 

To those readers who are not familiar with the concep¬ 
tion of molecular attractive forces advanced in previous 
papers, I would explain that the essential difference between 
my conception of the behavior of the attractive forces and the 
conception usually held, lies in the fact that I consider a mole¬ 
cule to have a certain total power of attraction which remains 
a constant at a given average distance apart of the molecules, 
independently of how that attraction may be distributed to 
the surrounding molecules and independently of the number 
of molecules. (I have never found any method of determining 
certainly how this total attraction is distributed, but it is 
quite possible, and in my opinion it is very likely, that its 
distribution in a sense follows Newton’s law of gravitation.) 

Consequently in calculating the effect of the attraction 
upon the pressure per square centimeter I have only to take 
the attraction of one molecule at the given distance and multi¬ 
ply this attraction by the number of molecules in the square 
centimeter of surface. In other words, the attraction of the 
molecules is a constant property of the molecule precisely as 
is its molecular weight (only the attraction varies with the 
distance apart of the molecules). 

The above idea has been shown in the papers cited to be 
in accord with the facts and it is important that it be clearly 
understood. I will illustrate, therefore, by a concrete example. 
Since the direction and distribution of the total attraction is 
mathematically a matter of no importance for most purposes, 
I can consider the total attraction of a molecule A to be ex¬ 
erted upon a molecule B at distance r. If I then place beside 
B another similar molecule C the total attraction of A for 
B and C remains the same as it formerly was for B alone. 
According to the usual conception the attraction of A for B 
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and C, two similar molecules, at distance s, is twice what it 
is for B alone at distance 5. According to my conception, 
while the total attraction of A may be shared by both B and 
C it remains the same for B and C together at distance s as 
it was for B alone at distance 5. The fact that the total at¬ 
traction is now divided between the two molecules B and C 
has not increased its amount in the least. 

However, I am not here tr3dng to prove that my concep¬ 
tion of the attractive force is the correct one. The concep¬ 
tion has in the past proved to be in accord with the facts 
considered and if I can here deduce from this conception new 
relations in accord with the facts its use will be sufficiently 
justified. 

That Equation 10 is correctly deduced from the premises, 
and that it is in accord with the fundamental law stated in 
Equation 7, will be clear upon considering that 

11. E = I'pdV, 

and substituting for P its value from Equation 10, we have, 
calling the internal energy given out X, 

{•V |V 

12 X = i _ 3!4i4/ _ 

1 I " 

3i4i4ju'CV5~*Vi3). 

an expression which can be reduced to calories by dividing 
by 31414 and is then in accord with the law given in Equation 
7, and already proved in the numerous papers cited. 

It is really a source of much gratification to be able to 
deduce Equation 7 in this way, because Equation 7 was orig¬ 
inally (after correction of an earlier error) deduced* from a 
consideration of the individual action of the attractive forces 
upon the individual molecules. And yet it is clear if Equa¬ 
tion 7 really resulted from the law of molecular force given 
in Equation 8, and if the effect of this force upon the total 

* Jour. Phys. Chem., 11, 143, 147 (1907). Note the two derivations 
of the law. 
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internal pressure is correctly given in Equation 10, that one 
ahould be able to arrive at the same result either by considering 
the individual forces between the molecules or by considering 
their resultant. Consequently the demonstration above given 
really completes a cycle of operations, and to arrive exactly 
at the starting point is gratifying evidence that no errors were 
made in the individual operations and arguments. 

Moreover my idea as to the independence of the kinetic 
and attractive energies and of the connected external and 
internal pressures under the conditions studied were, to put it 
mildly, “viewed with suspicion,” by some investigators. 
Yet this same independence is here again in evidence. 

I have plotted in Fig. 1, line GH, the internal pressures 
calculated by Equation 1 o against the volumes, the data being 
given in Table I. The ordinates of this curv'e represent 
the internal pressure in millimeters of mercury per square 
centimeter and it will be noted that at the critical temperature 
this internal pressure does equal the internal pressure obtained 
from the thermodynamical equation within the limit of experi¬ 
mental error. (149,635 = 159,500, attention has already been 

Tabi-b I—Isopentane 


Temper¬ 

ature 


Volume of 

Density of 


Pressure 

Liquid 




/ X 

P 

Vapor 

Liquid Vapor 



V 

V 

d D 


0 

257.74 

1 ■ 5644 

917 4 

0.6392 0.001090 

0.8614 

20 

, 572.59 

I.6141 

426.6 

0.6196 0.002344 

0.8525 

40 


1.6700 

224.4 

0 5988 0.004456 

0.8429 

60 

2035.6 

I 7329 

127 6 

0 5769 0.007837 

0.8325 

80 

3400.8 

1-8055 

77-7 

0.5540 0.01287 

0.8213 

100 

; 5354-5 i 

1.8940 

49-5 

[ 0.5278 0.02020 

, 0.8081 

120 

i 8039.9 

2.0037 

32.20 1 

0.4991 i 0.03106 

; 0.7932 

140 

' 11620 

2.153 

21.15 

1 0.4642 0.04728 

i 0.7743 

160 

i 16285 

2.378 

1372 I 

0.4206 ; 0.07289 

i 0.7493 

180 

1 22262 

2.858 ' 

7-95 

0.3498 ' 0.1258 

j 0.7046 

185 

i 23992 ' 

3-183 

6.355 

0.3142 1 0.1574 

0.6799 

187 

124713 

3-500 , 

5-455 

0.2857 j 0.1833 

i 0.6586 

187.8 

: 25005 

4.268 

4.268 

0.2343 I 0.2343 

0.6165 


m 

«= 72.10, 

n' = 105.46, C = 1.688 
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Tabi^b I {Continued) 


Temper- 

*Vb 

I 

I 

dV 



ature 
/ ‘’C 

t/Vi 

VVt 

dT 

dT ^ 

<iT ^ ^ 

0 

0.1029 

0.5506 

O.OOOII 2 I 

II. 16 

3047 

2789 

20 

0.1328 

0.5282 

O.OOO3II2 

21.04 

6165 

5592 

40 

0.1646 

0.5048 

0.0007339 

35.66 

11162 

1003 I 

60 

0.1986 

0.4803 

0.001555 

55-73 

18558 

16522 

80 

0.2344 

0.4550 

0.003018 

81.85 

28893 

25492 

100 

0.2724 

0.4264 

0.005506 

! II 4-7 i 

42783 : 

37429 

120 

0.3144 

0.3959 1 

0.009771 

: 155-2 1 

1 60986 ! 

52946 

140 

0.3616 

0.3594 

0.01709 

204.4 

84425 , 

72805 

160 

0.4177 

0.3152 

0.03045 

264.0 , 

114312 ' 

98027 

180 

O.5OII 

0.2465 1 

0.06305 

! 335-9 

152163 , 

129900 

185 

0.5400 

0.2137 ' 

0.08503 

356-1 i 

163100 

I39IOO 

187 

j 0.5681 

0.1882 

0.1041 

364.4 

167600 ; 

142890 

187.8 

0.6165 

0.1445 

0.1445 

i 367.8 

169480 

144475 

187.8 

1 

— 

Ob. 

379.0 

’ 174640 

149635 


Table I {Continued) 


Temperature 

31414^' 

31414/-^' 


X 



3 V*/* 

3 vv. 

Ther. 

Mills 

Dieterici 




1 Equation 3 

Equation 7 

Equation 

0 

608000 

124 

81.35 

79-98 

80.96 

20 

583200 

344 

75-67 

75-90 

76 02 

40 

557400 

810 

71.10 

71-53 

71-37 

60 

530300 

1718 

66.20 

66.85 

66.59 

80 

502400 

3330 

61.59 

61.89 

61.80 

100 

470800 

6080 

56.72 

i 56.49 

i 56.63 

120 

437200 

10790 

50.89 

50.49 

.50 77 

140 

396800 1 

18880 

44.04 

43-52 

43-89 

160 

348000 ! 

33620 

35-39 

34-97 

.35.31 

180 

272200 1 

69620 

21.04 

21-45 

21-55 

185 

236100 j 

93900 

14-05 

14-75 

14.74 

187 i 

207800 1 

114900 

1 8.89 ' 

9.55 

9-49 

187.8 1 

159500 ! 

159500 

1 0 1 

0 

0 


called to the fact that the error in obtaining the value 149,635 
is very large. That the poor agreement shown is only due to 
errors of observation will appear more clearly later.) 

Moreover the internal pressures given by the 
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thermodynamical equation at other temperatures are the 

V 

“mean” or “average” values of the integral, f{v)dv, that 

V 

is, they are the mean values of the ordinates between the proper 
limits, V and v of the curve GH. This follows because. 


dv = 31414/eVi-^Vi)) = (^,T-p)(V- 


-j;). 


The first equality was shown above. The second equality 
was experimentally proved for numerous substances in former 
papers. After reduction to calories the values for isopentane 
are given in Table I under the headings X-Ther., Mills, for 
convenient comparison here. In other words, the mean values 
of the ordinates to the curve GH between the limits 1-’ and v are 


mathematically equal to 


3i4i4/i'(®V<i —*Vd) 
V~v 

dF 


and this value we 


have proved experimentally is equal to —■ P obtained for 


the corresponding temperature, pressure, volume, conditions. 

It should be constantly remembered that we really have 
to deal with a tri-dimensional pressure, volume, temperature, 
diagram, and that the curves ABCD, AiBiCiDi, etc., shown 
on Fig. I are really on different temperature planes, and 
that Fig. I is really made by the projection of points 
and lines that exist on different temperature planes. The 
fact that no temperature function enters into Equation 12, 
and the fact that it is true at all temperatures studied, cause 
the projection of all of the points and curves considered to 
fall into one line GH. However much we may be inclined to 
an opinion on the subject, we have as yet no experimental 
evidence to show that limits on the curve GH can be taken 
arbitrarily at any temperature. 

Before leaving Equation 12 it is important to note that 
its definite integral can be obtained as follows on the supposi¬ 
tion that it is true for all values of V. 
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13. ® ^ ~ “ 3i4i4M'Va + C = SHHM'Va. 

For whea the volume is infinite, E is zero and d is zero. Conse¬ 
quently C is also zero. We can write 

14. Xoo * m'’V 4 calories, or Xoo^ = m'Ww. 

where indicates the heat given out when the molecules 
come from an infinite distance apart to a distance apart repre¬ 
sented by s, that is to a density d. 

This result I have previously derived in the papers cited 
from Equation 7, but this new deduction is worth while 
because it shows that the internal attractive energy given out by 
a substance on contraction front an infinite volume to volume v, 
or density d, can be represented graphically by the area between 
the V axis, the curve GH, and the ordinate at the volume v. 

The Equation of Dieter ici, X = CRT In 

Dieterid found an empirical equation for the internal 
heat of vaporization, 

J /T' 

15. X = CRT/« g = 4.573 C ^ log p calories = 

CRT InV — CRT Inv. 

This equation has been carefully studied’ by the author, 
by Dieterid himself, by Stdnhaus, and by others. It is a 
remarkably accurate equation with a tendency to give slightly 
too high results at very low vapor pressures. The constant 
varies slightly for various substances but is usually around 
1.7. For isopentane C has the value 1.688. The values of 
X calculated from Equation 15 are given in Table I for compari¬ 
son with the values of X obtained from Equations i and 6 
(see under the heading X-Ther., Mills, Dieterid). 

Equation 15 can be expressed, 

S v V 

CRT 

-y -dV = CRT InV + C,. 

_» V 

'Mills: Jour. Am. Chem, Soc., 31, 1099 (1909); Dieterid: Drude’s 
Ann., as, 569 U908): 35, 220 (1911;: Richter: Dissertation Rostock, 1908; 
Steinhaus: Dissertation, Kid, zgio. 
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When V — i, In v = o and X = Ci. The value of the 
constant of integration can, therefore, be found if the value 
of X can be found when i gram of liquid occupies a volume of 
I cubic centimeter. The indefinite integration gives the area 
bounded by the ordinates v = 1 and v — v, plus a constant. 

It is clear that we here deal with a curve in every respect 
similar to the usual PV curve for a perfect gas except that 
PV 

equals CR instead of R. The curve is a parabola referred 

to its asymptotes as axes. The internal pressure is given by 
the expression, 


n- 


p 


CRT 

' v ■ 


1.688 X 62392 1 ,■ T , . 

-- = 1460.7 ,, for isopentane. 

72.10 V V 


CRT 

Values of y for liquid and saturated vapor are given 


in Table II. The curves represented by Equation 17 are 
plotted in Fig. i, the end points of the curves alone being 
shown on the line MNO except for 120“ when the dotted line 
NO indicates the complete curve. These curves are, of course, 
projections from the corresponding temperature planes. The 
area bounded by these curves, the pressure ordinates, and the 
volume axis represents the internal heat of vaporization. 
These areas are equal to the areas between similar limits of 
volume as obtained from Equations 3 and 12 as is proven by 
the equality of the values of the internal heat of vaporization 
X given in Table I, under the headings, Ther., Mills, Dieterici. 

At the critical temperature we have 

dF ^ ^ CRT 

cfl' ■ 3 V/'' Vc ’ 

and we get 149,635 = 159,500 = 157,700, the values agreeing 
to within the hmit of experimental error. 

Combining Equations 7 and 15 we have 
18. X = M'CVi —'Vd) = CRT lnV~~ CRT Inv, 
or, 

19 - m'*V4 + CRT/«« »+ CRT/nV. 

Steinhaus {loc. cit.) first examined the equations in this form 
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but seems to have been unable to understand the result. 
The values of the various terms for isopentane are given in 
Table II. Plotting the values of the various terms of Equa¬ 
tion 19 against the temperature we have the curves shown in 
Fig. 2. Now these curves become identical if the diagram is 



The curves show the energy changes indicated by Equation 1 of Mills and 
15 of Dieterici, The curves are clearly the same curves but with a different 
origin and direction. One curve becomes practically identical with the other if 
rotated around the axis AB 180°. 

rotated around the axis AB i8o°. In other words the curves 
are the same curves but with a different origin and direction 
(sign). We find experimentally for isopentane (see Table II) 
that Equation 19 takes the form, 

20. + CRT In V = 96.38 = h'Wd + CRT In V, 
or, 

21. = 96.38 — CRTZmiv or CRT /n?) = 96.38— 

where ti is the volume and d is the density either of the liquid 
or of the saturated vapor at any temperature. This equa¬ 
tion for isopentane is remarkably accurate. 

Considering isopentane at 120°, Figure i, it now be¬ 
comes clear that n'^yld represents the area EGH-V when 
V represents an infinite volume, CRTZw v represents the 
area PQNOF, the latter area extending from the line PQ 
drawn at volume v = i, in the direction indicated by the arrow. 

If one is called upon to deal with liquids whose density is 
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great so that v becomes less than i then CRTln v will give 
negative values. This is true with stannic chloride. 

Also when d is i and Inv = o, d = i, and Equation 21 
becomes m' = 96.38. As a matter of fact n’ for isopentane 
is 105.46. This discrepancy indicates nothing except that 
either Equation 7, or Equation 15, or both, break down if 
extrapolated to points outside of the saturated vapor-liquid 
equilibrium for which they were proven. That this view of 
the question is correct follows from a consideration of stannic 
chloride. The data for this liquid are not detailed here, but 

V = i lies in the saturated vapor-liquid region attainable at 

about 310° C, and at this point -f CRTlnv does equal 

n'. It may be remarked in passing that for stannic chloride 

-|- CRTlfi V does not always equal a constant, but varies 
slightly, and apparently linearly, with the temperature, passing 
through the value /j.' at about the temperature indicated. 

The peculiar form of the curve MNO for isopentane 
shown on Figure 1 should be noted, particularly in connec¬ 
tion with the fact that Dieterid’s Equation 15 gives too high 
results at low temperatures, and with the fact just shown that 
Equation 21 cannot be extrapolated for isopentane to volume 

V = I. 

As yet too little is known regarding this region of negative 
internal pressure that I am attempting to explore to indulge 
in speculation regarding the meaning of the relations found. 
But it must not be supposed that we are here studying merely 
mathematical relationships. The equations here under in¬ 
vestigation have been extensivdy studied for many substances 
(see papers dted), and they certainly do dosely represent 
physical relationships. Any study which will throw additional 
light upon these relationships is well worth while. 

The Equation oj Ramsay and^oung, P = hT —o. 

Sir Wm. Ramsay and Dr. Young so long ago as 1887 called 
attention to the fact that van der Waals’ equation, 

210. (p -I- (» —6) = RT 

at constant volume reduced to 
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22. P = 6T —a=^T —a, 

ai 

dV 

where at constant volume b = ^ constant, and a was a 

constant. This equation was tested in a careful experimental 
study’ for a good many substances both in the condition of 

dV 

liquid and gas and was found to be very nearly true. ^ 

at constant volume does not remain exactly and absolutely 
a constant at all temperatures. Dr. Young found for iso¬ 
pentane” that at volumes lower than 4.6 cubic centimeters 
per gram, the values of h increase with rise in temperature, 
while at greater volumes up to about 400 cc they diminish. 
At still larger volumes they appear to be constant. 

Values of a obtained by interpolation from Young's 
results are shown in Table II for the corresponding volumes. 
The values found for a for isopentane by Young are plotted 
on Fig. I forming the hne R-Y. (Young obtained the values 
of a by two methods. I use his values from drawn isochors 
throughout.) It will be noted that this line intersects the 
other lines, A^Cs, GH, MNO, at the negative pressure corre¬ 
sponding to the critical volume. 

I have now obtained the value of the internal negative 
pressure at the critical temperature by four methods getting 


23 - 


dr ,,,_p _ 31414/ _ CRT _ 
dT ^ 3V.*^> ' V. "• 

149A35 = 159.500 = 157,700 = 159,924- 


I may add here that the first value, 149,635, is too low, due 

JP 

solely to the fact tliat no accurate can be obtained at the 
critical temperature either directly from the observations or 


^ Ramfsay and Young: Phil. Mag||(5) 25, 195, 435 (1887); Phil. Trans., 
180A, 137 (1889); 183A, 107 (1892); Young: Proc Phys. Soc. London, 13, 
602 (1895); “Stoichiometry’', pp. 203-213; Rose-limes and Young: Phil Mag , 
(5) 48, 213 {1899); 43, 126 (1897); 47, 354 (1899); {€) 2, 208 (1901); Araagat* 
Comptes rendus, 94, 847 (1882); Ann, chim. phys., (6) 29, (1893); Barus, Phil. 
Mag., (5) 30, 358 (1890). 

* Proc. Phys. Soc., 13, 648 (1895). 



274 


J. E. Mills 


indirectly through the Biot formula, due to the great multi¬ 
plication of the errors of the observations in obtaining the 

The correct value of the ^ at the critical temperature is 
nearly always given by the expression 

dP _ 2R _ 124784 
dr~Vc~ Vcm ’ 

first discovered as an empirical equation by Dieterici and later 
independently derived by the author from an equation given 

dP 

by Crompton.Using the value 405.4 of the so derived 

^ Jour. Phys. Chem., g, 402 (1905), and other papers cited. 

dP 

we would obtain for T P the value 161,800. 

The importance of the relations given in Equation 23 
and their graphical representation as negative pressure is, 
I believe, great. One would expect further study of these 
relations to throw additional light upon the equation of state, 
thermodynamical formulae, and entropy relations. 

Summary 

It is pointed out that negative internal pressure can be 
diagramed and studied, and that this method of representation 
leads to relations not hitherto recognized. 

University of South Carolina 
November 23, igi4 



THE THEORY OF EMUI^SIFICATION. VI 


BY WILDER D. BANCROFT 

In the preceding paper* of this series I showed that the 
liquid A will be the dispersing phase and liquid B the disperse 
phase in an emulsion in case the surface tension between 
Uquid A and the emulsifying agent C is lower than the sur¬ 
face tension between liquid B and the emulsif)dng agent. 
It was also shown that a corollary of this is that an aqueous 
colloid will tend to make water the external phase while a 
non-aqueous colloid* will tend to make water the internal 
phase. I did not take up specifically the conditions under 
which a substance acts as an emulsifying agent; but this is 
important both in its bearing on the formation of emulsions 
and in its bearing on the allied problem of ore flotation. For 
a substance to be an emulsifying agent, it must tend to pass 
into the surface separating the two liquids and form a co¬ 
herent film there. If the emulsifying agent does not form 
a coherent film the emulsion will crack; if it does not pass 
into the liquid interface, it will not form a film round one of 
the liquids. Since the adsorption of air plays an important 
part in ore flotation and since it may be of importance in the 
formation of emulsions, I propose to consider the general 
problem of the concentrating of a dissolved or suspended sub¬ 
stance at an interface between liquid and liquid or between 
liquid and vapor. To avoid circumlocution the surface sepa¬ 
rating two liquid phases will be called a dineric interface® 

^ Bancroft: Jour. Phys. Chem, 17, 501 (1913). 

^ In the preceding paper I used the term hydrophobe colloid to denote a sub¬ 
stance forming a colloidal solution readily in some non-aqueous solvent and not 
doing so in water. This is not the usual sense of the term; but the usual dis¬ 
tinction between hydrophile and hydrophobe colloids becomes meaningless if 
we no longer distinguish between emulsion colloids and suspension colloids It 
seems foolish to invent new words when we have two perfectly good ones with 
no meanings attached to them. I suggest, therefore, that hydrophile be used for 
colloidal solutions in water and hydrophobe for colloidal solutions in non-aqueous 
solutions. 

« Bell: Jour. Phys. Chem., 9, 531 (1905). 
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and the surface separating liquid and vapor a foam interface. 
We will begin with the concentrating of a dissolved substance 
at a dineric interface. An interesting case of this sort has 
been studied by Wilson/ whose paper seems generally to 
have been overlooked.* 

“When chloroform is placed in a test-tube, or other 
vessel of glass, standing on a horizontal surface, it exhibits, 
like other substances which wet that solid, a curved surface 
with the concavity upwards. If water or an aqueous solu¬ 
tion of nitric, sulphuric, or muriatic acid, be poured upon 
the stratum of chloroform, the surface of the latter imme¬ 
diately changes the direction of its curve, and becomes con¬ 
vex upwards, the convexity induced being much greater 
however than the previous concavity. If, on the other hand, 
an aqueous solution of potash, soda, or ammonia be placed 
above the chloroform, the latter ceases at its upper limit 
to present a sensible curvature upwards or downwards, and 
shows a surface which, to the unassisted eye, appears to be 
flat. It is to this property of an acid to round, and of an alkali 
to flatten the surface of various liquids, of which chloroform 
is one, that I seek specially to direct attention. 

“The phenomena referred to, cannot seem remarkable 
when merely described; but they have appeared striking and, 
I may say, startling to most who have witnessed them. They 
are best observed by dropping into a perfectly clean, flat- 
bottomed glass vessel containing pme water, a quantity of 
chloroform too small in amount to touch the walls of the 
vessel on every side. The heavier liquid then shows itself 
as a brilliant, highly mobile globule. If alkali be now added 
the globule in a moment collapses, sinks as if exposed to a 
crushing force, and flattens out on the bottom of the glass. 
On slightly supersaturating the alkali with an add, the flat¬ 
tened chloroform starts into its previous globular shape, 
with a momentum and rapidity, such as might be exhibited 

^ Jour. Chem. Soc., i, 174 (1848). 

2 It is given among the references to the literature in Winkelmann*s 
Handbuch der Physik, x, 498 (1891). 
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by a highly elastic substance, like a ball of caoutchouc suddenly 
relieved from enormous presstrre. When the acid in its turn 
is supersatiwated with alkali, and flattening again occurs, 
and by alternating the addition of these reagents, the same 
globule may be successively flattened and rounded for any 
number of times. 

“It is necessary here to mention that the employment 
of an acid is not essential to the development of the phenomena 
described. In distilled water, chloroform exhibits a con¬ 
vexity of upper surface as marked as in the aqueous solution 
of an acid. The alternate addition to it of water, and re¬ 
moval from it of alkali, are as efficacious accordingly as the 
successive addition of alkali and acid. But the washing 
away of the former by repeated effusions and decantations 
of water, is a tedious and unsatisfactory process, which has 
the great disadvantage of changing the form of the globule 
by slow graduations from a flat to a convex surface, whilst an 
acid effects the conversion per saltum. I shall confine my 
observations, accordingly, to the action of alkalies and acids, 
although the effect of the latter in altering the shape of the 
chloroform globule, is not greater but, as I incline to think, 
less than of water. 

“Change in configuration, however, is not the only 
alteration which the globule of chloroform undergoes. Some 
of the other physical properties are markedly altered by its 
contact with acids and alkalies. These changes are best 
seen when a deep white saucer, or flat-bottomed porcelain 
basin, is made use of as the containing vessel. When acid¬ 
ulated water is placed in this, and chloroform let fall into it, 
the denser fluid is scarcely wetted and, although nearly half 
as heavy again as pme water, sinks reluctantly. If the drops 
indeed be small, they never reach the bottom but, by floating 
on the stuiace, evaporate away. Those which descend 
form globules very mobile, and readily obeying the solicita¬ 
tion of gravity. When separate globules melt, they rapidly 
flow together, and scarcely one is to be seen without a bubble 
of air attached to its upper surface and adhering tenaciously. 
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I have already referred to the brilliancy of the drops of chloro¬ 
form at the bottom of the water; they retain this character 
when the water is acidulated. 

“When the water, on the other hand, is alkaline, the 
chloroform is quickly wetted, and sinks swiftly. The drops, 
if small, become circular discs mth rounded edges; if large, 
they are oval, or spread out into elongated, irregularly ovoidal, 
or flattened cylindrical forms. Their shape, however, is 
changed by the slightest impulse, or inclination of the con¬ 
taining vessel, in a way which, perhaps, I may best illustrate 
by comparing it to the ever-varying elongation, contractions 
and irregular swellings, which alter the configuration of an 
active living leech in a glass of water. The flattened globule, 
moreover, is much less mobile than the rounded one in acid. 
The former moves sluggishly, even down an inchnation, 
clings to the vessel; and when compelled to move rapidly, 
leaves a tail behind it, like foul mercury. No air-bells attach 
themselves to it and its brilliancy is sensibly diminished, 
as if its refractive index had altered.” 

Some further experiments were made by Swan^ who ob¬ 
tained the following results: 

1. Olive oil floating on the surface of water or of hydro¬ 
chloric acid has its under surface convex, but with solution 
of potash its surface is apparently flat. It has also, in contact 
with alcohol or sulphuric ether, a much flatter surface than 
with solution of potash. 

2. Spermaceti oil also exhibits a convex surface in con¬ 
tact with water and hydrochloric acid, and a flat surface 
with solution of potash. 

3. Oil of cloves sinks in water and has a highly convex 
surface, which becomes nearly flat on the addition of alcohol 
to the water; but the liquids mingle so readily that their mutual 
surface is not very well defined. 

4. Oil of cassia sinks in water; and its surface, which is 
very convex, is considerably flattened by adding potash or 


> Phil. Mag., (3) 33, 36 (1848). 
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alcohol to the water. The addition of acid in the former case, 
or of water in the latter, restores the convexity of the sur¬ 
face. 

5. Oil of lavender floats on water, with its under siuiace 
convex. If alcohol is poured upon it, its upper surface is 
nearly flat. 

Swan also made some experiments to see “whether the 
results were modified by altering the nature of the containing 
vessel. I have found that on immersing a slip of recently 
ignited platina foil, or clean iron or brass wire in the liquids, 
the surface of the chloroform is highly convex in contact 
with them under water or hydrochloric acid, but apparently 
flat under solution of potash. If the metal is not perfectly 
clean, the surface of the chloroform is apt to become concave 
in contact with.it under water or acid. On lining a glass tube 
with a thin coating of wax, I found that chloroform placed in it 
under hydrochloric acid had a very concave .surface, while on 
supersaturating the acid with solution of potash the surface 
became sensibly flat. vSimilarly chloroform under water in 
a quill has a very concave surface which becomes sensibly 
flat on the addition of potash, and the concavity is restored 
by adding a sufficient quantity of hydrochloric acid. It will 
be observ'ed that the coating of wax, or the substitution of a 
tube of quill for one of glass, while it completely reverses the 
curvature of the chloroform in contact with water and acids, 
exerts apparently no influence on the power of the alkali to 
flatten its surface; and the conclusion seems inevitable, that 
this effect depends upon a mutual action of the liquids, and 
is quite independent of the nature of the containing vessel 
for it takes place equally in contact with surfaces of glass, 
platina, iron, wax, or quill.” 

Having eliminated everything else, as he thought. Swan 
concluded that the flattening of the surface must be due to 
the affinity between caustic potash and the organic liquid, 
an affinity which is shown independently by the fact that 
caustic potash reacts with chloroform and with vegetable 
oils. Swan says; “In conclusion it may be remarked, that 
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if the phaenomenon of the flattened surface of two immisci¬ 
ble liquids has received a correct explanation on the hypothesis 
of a strong mutual attraction of their molecules, and if this 
phaenomenon is fotmd to appear only in cases where the 
liquids have a decided chemical affinity for each other, an in¬ 
teresting connexion is thereby established between chemical 
affinity and the mechanical force of adhesion, tending to prove 
that they are modifications of the same force; while the whole 
subject of the mutual attractions of two liquids opens up an 
interesting, and, so far as I am aware, a new field of inquiry 
in capillary attraction.” 

Swan’s hypothesis, that the flattening takes place only 
when chemical action is possible, is proved to be wrong by 
the fact that benzene behaves in exactly the same way.' 
While the flattening is clearly due to a change in surface ten¬ 
sion, it cannot depend on the absolute value of the surface 
tension of the water phase because Wilson found the effect 
of alkali to be the same qualitatively whether sodium chloride 
was present or not, whereas the addition of salt increases 
the surface tension of the water phase. What happens is 
that hydroxyl is adsorbed at the dineric interface lowering the 
smiace tension and causing the organic liquid to flatten. 
This is confirmed by the experiments of von Lerch,® who 
determined the surface tension between benzene and water 
by means of the rise in capillary tubes. The surface tension 
between pure benzene and pure water was found to be 32.6 
dynes/cm at i5°-i6°. With M/4 NaOH the value dropped 
to 20.7 and with M/2 NH4OH to 27.3. The lowering of the 
surface tension is greater with sodixim hydroxide than with 
ammonia owing to the greater electrolytic dissociation of the 
former. The surface tension was also lowered by hydro¬ 
chloric acid but only slightly, M/2 HCl bring it down to 31.5. 
This is in accord with Wilson’s qualitative conclusions that 
acids do not increase the surface tension quite as much as 

‘ von Lerch: Drude’s Ann., 9, 434 (1902). 

• Dnide’s Ann., 9, 434 (1902). 
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pure water. Von Lerch also found a marked eflFect due to 
acetic acid; but this acid is miscible in all proportions with 
benzene and causes benzene and water to become more misd- 
ble, so there is nothing surprising about its behavior. The 
surface tension measurements are confirmed by the electrical 
ones, for von Lerch found that benzene drops in caustic soda 
moved fairly readily under electrical stress, whereas there was 
almost no movement in presence of sodium chloride or hydro¬ 
chloric acid. It is possible that other ions might be adsorbed 
markedly by benzene, but I know of no experiments to show 
this. 

The adsorption of hydroxyl means practically a concentra¬ 
ting of alkali at the surface of the benzene and consequently 
a closely adhering film of water. This accounts for Wilson’s 
observations that the drops of chloroform were readily wetted 
by an alkaline solution. The presence of the surface film of 
caustic soda solution also accounts for the decreased mobility 
observed by Wil.son. 

The amount of adsorption has not been determined quanti¬ 
tatively in the preceding cases; but Patrick’ has studied the 
adsorption of new fuchsine, picric acid, salicylic acid, and mer¬ 
curous sulphate from solution by mercury. In all four cases 
the amounts adsorbed varied with the concentration ap¬ 
proximately according to the exponential formula and in all 
four cases the surface tension of the mercury was lowered by 
the adsorption. 

Tomlinson’s experiments upon the action of oils on 
supersaturated solutions would come under the heading of a 
dissolved salt concentrating at a dineric interface if one 
were only certain of the accuracy of the work. Tomlinson* 
found that oils start crystallization in supersaturated solu¬ 
tions of sodium sulphate in case the oil spreads out in a film 
over the water; but do not if it remains lens-shaped. “Four 
ounces of Glauber’s salt in four ounces of water was boiled 

* Zeit. phys. Chem., 86, 545 (1914). 

* Phil. Trans., 161, 51 (1871). 
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and filtered into four flasks, covered with watch-glasses and 
left until cold. A clean glass rod was dipped into a bottle 
of clear, pale seal oil, and the watch-glass being gently re¬ 
moved from off one flask, a drop of the oil was carefully 
delivered to the surface solution; the glass rod was withdrawn, 
and the watch-glass restored to its place. The drop of oil 
expended into a well-shaped film, with a display of iridescent 
rings; and immediately from the lower surface of the film 
there fell large well-shaped prisms with dihedral summits of 
the ten-atom sodic sulphate, being the normal salt. The 
prisms were an inch or an inch and a half in length, and three- 
eighths of an inch across. The crystallization proceeded 
from every part of the lower surface of the film, and as one set 
of crystals fell off another set was formed, until the whole 
solution became a mass of fine crystals in a small quantity 
of liquid. This effect is entirely different from the usual 
crystallization which takes place when a supersaturated solu¬ 
tion of Glauber’s salt is subjected to the action of a nucleus 
at one or two points in its surface, as when motes of dust enter 
from the air, or the surface is touched with a nuclear body. 
In such cases small crystalline needles diverge from the point 
touched, and proceed rapidly in well-packed lines to the bot¬ 
tom, the whole being too crowded and too rapid to allow of 
the formation of regular crystals. But in the case before 
us, where the whole surface of the solution and the surface 
only, is .subjected to nuclear action by the spreading of the 
oil film, the action is not so rapid as in the former case, because 
it is not downwards but parallel with the surface; the crys¬ 
tals mould themselves, as it were, upon the oil-film, and, falling 
off, allow fresh portions of the solution to come into contact 
with the film, until at length a very fine crop of crystals is 
produced. This experiment was repeated on the solutions 
in the other three flasks with the .same result. 

“Similar experiments were tried on solutions of Glauber’s 
salt of different strengths, with drops of ether, absolute alco¬ 
hol, naphtha, benzole, oil of oajuput, oil of turpentine, and 
other volatile oils, herring oil, sperm oil, ohve oil, castor oil. 
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and some other fixed oils of animal and vegetable origin, with 
this general result, that, whenever the oil spread out into a 
film, it acted as a powerful nucleus.... A solution of two 
parts of Glauber’s salt to one part of water was boiled and 
filtered into three flasks, which were covered with watch- 
glasses and left until the next day. A drop of castor oil was 
then placed upon the surface of each; it formed a lens which 
gradually flattened; but there was no separation of salt, 
even when the flasks were shaken so as to break up the oil into 
small globules. The necks of some clean flasks were oiled 
inside with castor oil, and the boiling solution of Glauber’s 
salt filtered into them; the oil formed into globules, and some 
of it ran into the solution. Next day there was no separation 
of salt. The flask was turned round quickly so as to form a 
whirlpool, in which the globules of oil descended to the bottom 
and were broken up and diffused so as to form a kind of emul¬ 
sion; but by repose the solution became clear again, the oil 
collected into larger globules, and there was no separation 
of salt. If, while the flask is being turned round, a sudden 
jerk be given to it, so as to flatten some of the globules against 
the side into films, the whole solution instantly becomes solid; 
or if by strong pressure with the finger against the interior 
of the neck a smear of oil be made, the solution crystallizes 
as soon as it is brought into contact with such smear. But 
if it be objected that the finger may introduce nuclear matter, 
then a catharized wire, which, dipped into the solution is in¬ 
active, will, if rubbed against the side so as to flatten some 
of the small oil globules, leave a number of minute crystals 
of a chalky white color filling up the lines traced by the wdre, 
and these serve as nuclei to the rest of the solution.” 

While discussing these and other experiments, Tomlin¬ 
son^ says: “It can be shown experimentally that a clean 
inactive rod immediately becomes active simply by draw¬ 
ing it through the hand: so also a clean surface, such as the 
inside of a flask, smeared with a little oil, becomes power- 


Phil. Trans., 161, 66 (1871). 
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fully nuclear; but if the smear on the surface of the rod or on 
the inner wall of the flask can gather itself up into globules, 
these are not nuclear. Phenomena of this kind seem to be 
explained by reference to the surface tension of liquids. In 
the case of a film formed by depositing a drop of an oil on the 
surface of a supersaturated saline solution, the surface ten¬ 
sion of such solution being diminished at the point touched 
by the oil, the surface of the solution surrounding the point 
touched exerts a tractive force on the oil, and spreads it into a 
film, with adhesion to the surface and a nuclear action on the 
solution; because being brought into contact with the saline 
particles, but not with the aqueous (seeing that oil and water 
do not combine, while adhesion readily takes place between 
oil and salt), the saline molecules are separated from the 
aqueous, and the action once begun is propagated. When, 
on the other hand, an oil deposited on the surface of the solu¬ 
tion assumes the form of a well-shaped double convex lens, 
or even a disk, there is no adhesion properly so-called, and no 
nuclear action, since the lens is separated from the solution 
by surface tension, and is not nuclear because it is really not 
in contact with the solution. Even when the solution is 
shaken so as to break up the lens into globules and to sub¬ 
merge them, eacli globule is as completely separated by sur¬ 
face tension from contact with the solution as if it were out¬ 
side the flask, at least so far as any nuclear action is concerned. 
Whether a drop of oil form a film or a lens depends on several 
variable circumstances, such as the temperature of the solu¬ 
tion, its degree of supersaturation, its surface viscosity, and 
so on.” 

In a series of papers Tomlinson' brought forward further 
evidence in support of his views and answered the objections 
of others. He found that many oils did not cause crystal¬ 
lization when freshly distilled; but did after standing a suffi¬ 
cient length of time or after being exposed to ozone for a short 

> Proc. Roy. Soc., ao, 342 (J872), ai, 208 (1873); ar, 121, 189, 290 (1878); 

39. 24. 326 (1879)- 
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time. It is therefore the oxidized oils which are active in 
overcoming supersaturation. The accuracy of Tomlinson’s 
experiments has been questioned by Liversidge,* Gemez,'^ 
and Violette;® and Ostwald'* speaks very contemptuously 
of Tomlinson’s work. There is, however, nothing theoretic¬ 
ally impossible about Tomlinson’s experiments. If a given 
oil adsorbs sodium sulphate very strongly, it might easily 
raise the concentration at the dineric interface to such a point 
that solid salt would separate spontaneously. It is rather 
surprising that Tomlinson’s experiments coincide very closely 
with what we might expect from our knowledge of colloid 
chemistry. On the other hand, Tomlinson was more scep¬ 
tical as to the existence of particles of sodium sulphate in the 
air than was safe. As I see it, the whole thing turns on the 
question whether there is or is not marked adsorption at the 
dineric interface. Tomlinson*’ states that oil adheres much 
more strongly to salt than to water; but he gives no evidence 
in support of this statement. If it were true, very fine crys¬ 
tals of sodium sulphate ought to be raised by oil either to the 
dineric interface or should be carried out of the water phase into 
the oil phase.® Some experiments were made in my labora¬ 
tory. Finely ground crystals of sodium sulphate were added to 
to a saturated solution of this salt and the whole shaken with 
kerosene and with commercial olive oil. With the kerosene 
there was no sign of the sodium sulphate being carried up 
by the oil. The experiments were not quite so convincing 
with olive oil; but the amount of salt carried up by the oil 
is either zero or very small. It is therefore probable that 
Tomlinson’s results with olive oil are due to experimental 
error, which naturally throws doubt on his experiments with 
the other oils. It is always possible, however, that some 

* Proc. Roy. Soc., 20, 497 (1872). 

2 Comptes rendus, 75, 1705 (1872). 

»Ibid., 76, 171 (1873). 

* Lehrbuch allgem. Chemie, 2nd Ed., 2 II, 739. 

® Proc. Roy. Soc., 29, 328 (1879). 

® Hofmann: Zeit. phys. Chern,, 83, 385 (1913)* 
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of the other oils may show marked adsorption effects with 
sodium sulphate. It has seemed to me worth while to discuss 
Tomlinson’s results in spite of their probable inaccuracy, 
because the theory involved is sound and a case illustrating 
it satisfactorily may be found some day. 

We can now consider the second division of the subiect, 
the adhesion of small particles to the dineric interface. A 
careful study of this phenomenon has been made recently by 
Hofmann.* As a typical case he cites the behavior of finely 
divided red lead when shaken with chloroform and water. 
The red lead adheres to the surface of the benzene or of the 
chloroform forming a practically continuous coating around 
the organic liquid in case proper relative amounts of red lead 
and organic liquid are taken. The theory of the phenomenon 
is that given by Des Coudres* though I am going to put it 
in a somewhat simpler form than Hofmann does. If a given 
solid is wetted by water much more strongly than by 
benzene or chloroform the water will displace the benzene 
or chloroform and will form a water film around the particles. 
Owing to the adhesion of water to water, work must be done 
on the particle to carry it out of the water phase into the or¬ 
ganic liquid. In other words, the particle will tend to stay 
in the water phase. If the other hquid is less dense than water, 
benzene for instance, the solid particles will stay in the water 
phase irrespective of size. If the organic liquid is more 
dense than water, chloroform for instance, the particles will 
stay in the water phase unless they are so large that the force 
of gravity carries them down out of the water phase through 
the chloroform to the bottom of the containing vessel. If, 
on the other hand, the solid under consideration is wetted 
more strongly by chloroform or benzene than by water, a 
surface of chloroform or benzene will form round the parti¬ 
cle and will tend to prevent the carrying of the particle from 
the organic liquid into the water phase. The solid particles 


* Tteit. phys. Chem., 83, 385 (1913). 

* Arch. Bntwicklungsmechanik, 7, 325 (1898). 
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will therefore pass into the water phase only when the water 
is the more dense of the two liquid phases and when the parti¬ 
cles are so large that the force of gravity overcomes the ad¬ 
hesion of the liquid film to the organic liquid. 

Since the solid particles tend to remain in the non-aqueous 
liquid when they are wetted exclusively by the non-aqueous 
liquid and since they tend to remain in the water phase when 
they are wetted exclusively by the water, it follows 
logically that they will remain in the surface separating the 
two liquids if they are wetted partially' by each liquid. This 
is the conclusion drawn by Des Coudres and by Hofmann. 
While this is perfectly sound as a matter of logic, it seems to 
me somewhat unsatisfactory from a physical point of view 
unless we specify clearly what we mean by partial wetting 
by each liquid. We may mean that the surface of the solid 
particles is arranged like a checker board with the organic 
liquid adhering to the red squares and the water to the black 
squares. I think that this is Hofmann’s conception of the 
matter so far as he has one, though I admit that he does not 
say so. This seems probable because Freundlich cites dirty 
glass as a case of partial wetting, the water wetting the clean 
places and not wetting the greasy ones. This cannot be 
what occurs with our solid particles because they are not 
dirty. If we are not to have the two liquids scattered over the 
surface of the solid particles as distinct phases, they must be 
present as a single phase. It seems to me therefore more 
satisfactory to say that the solid particles tend to go into the 
water phase if they adsorb water to the practical exclusion 
of the other liquid; they tend to go into the other liquid 
phase if they tend to adsorb the other liquid to the practical 
exclusion of the water; while the particles tend to go into the 
dineric interface in case the adsorption of the two liquids is 
sufficiently intense to increase the miscibility of the two liquids 
very considerably at the siulace between solid and liquid. 

These conclusions as to the way a given pair of liquids 


‘ Ct. Freundlich: Kapillarchemie, 18 (1909). 
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will behave with a given solid refer to the relations prevail¬ 
ing under the conditioils of the experiment. Hofmann’s 
experiments with two liquid layers in glass test-tubes (soda- 
lime glass) showed that the time factor might be an important 
one. If a few cubic centimeters of an aqueous potassium 
bichromate solution are shaken up in a carefully cleaned glass 
test-tube, there remains on the walls of the test-tube a con¬ 
tinuous uniform coating of solution recognizable by its yellow 
color. This film gradually becomes thinner and paler but does 
not break at any point until the water disappears completely 
through evaporation. If one adds a layer of xylene or kerosene 
to the aqueous bichromate solution in the test-tube, it is easy 
to see that there is a coating of aqueous solution between the 
organic liquid and the glass. If water is allowed to flow 
in at the bottom of the test-tube, the organic liquid can be 
forced out at the top and there will be no sign of its having 
adhered to the glass wall at any point. If, however, the test- 
tube containing the aqueous bichromate solution and the 
xylene or kerovsene be left standing quietly for a long time, 
6-10 hours, it will be found that the organic liquid has diffused 
through the water film to some extent and now adheres firmly 
to the glass wall nearly eveiywhere, having displaced the 
aqueous film almost completely. If the contents of the test- 
tube are shaken violently, the water displaces the organic 
liquid from the glass surface practically completely. The 
glass is therefore wetted more, readily and more rapidly by 
water than by xylene or petroleum; but a large mass of xylene 
or petroleum will gradually displace a water film from the glass 
surface. One would therefore expect to get a slightly differ¬ 
ent behavior with glass powder according as one treated at 
first with water or with the organic liquid. This was ex¬ 
actly what Hofmann found. If the glass powder were treated 
first with , water and then shaken with kerosene, practically 
all the glass went into the water phase. If the glass powder 
were allowed to stand a long time with kerosene, or if it were 
heated with it to hasten the removal of the air film, some of 
the glass powder would remain in the dineric interface. Vigor- 
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ous shaking would, of course, cause the water to displace 
the kerosene. Chloroform behaves towards glass and water 
somewhat like xylene or kerosene though the tendency to 
displace the water layer from the glass is less than with kero¬ 
sene. Small drops of chloroform do not break through the 
water film at all. With increasing amounts of chloroform 
the force of gravity causes it to break through at the bottom 
of the test-tube, the surface wetted by the chloroform in¬ 
creasing as the column of chloroform increases in height. 

Hofmann’ describes a number of interesting experi¬ 
ments with thin plates and with powder. “If a freshly- 
split molyl)denite (molybdenum bisulphide) scale be placed 
on water, it floats on the surface. If it is pushed quickly 
under water, bubbles of air remain clinging to it. If the air 
film on the scale is removed by boiling with water, the molyb¬ 
denite scale sinks under the water and does not remain in the 
surface. If a layer of xylene or kerosene is placed over the 
water or a layer of chloroform under it, the molybdenite 
scale is held fast at the dineric interface when brought in con¬ 
tact with it. If the scale is brought from the air into chloro¬ 
form, xylene or kerosene, it sinks at once, but adheres to the 
liquid interface when brought into contact with it. The ad¬ 
hesion at tlie dineric interface is evidently verj" great, for if 
one brings merely a portion of the surface of the scale in con¬ 
tact with the interface the plate is drawn up at once. A 
molybdenite scale therefore behaves with these pairs of liquids 
like a small glass plate which has been healed in kerosene.... 
If one shaves some molybdenite off a fresh cleavage plane, 
one gets a powder made up of little plates of different sizes 
and can therefore compare the behavior of these directly 
with that of the larger plates or scales. At the foam inter¬ 
face only the finest powders are held up; the coarser ones 
sink at once in the water, showing that the adhesion at the 
water surface is very small indeed. These finest particles 
sink also if they are shaken with the water and still more 


' Zeit. phys. Chem., 83, 409 (ipis). 
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readily after boUing.^ The powder can be shaken out of the 
water phase quantitatively by xylene, kerosene, or chloro¬ 
form, the powder forming a film round these liquids. Even 
the coarser particles cannot be shaken off from the inter¬ 
face without carr)dng drops of the second liquid with them.... 
We thus find that, in this case where the clinging of the larger 
plates at the interface pointed to a marked surface adhesion, 
the powder goes quantitatively into the interface when it is 
shaken Avith the two liquids. 

“While molybdenite is a typical instance of the simul¬ 
taneous partial wetting by water and the other liquid, gyp¬ 
sum behaves more like clean glass. When thin plates of 
gypsum are brought out of water* into a xylene or kerosene 
interface, the gypsum plate is not held there but remains 
entirely covered with a thin film of water. On the other 
hand, if one puts a gypsum plate first into kerosene or 
xylene and then brings it carefully into the water inter¬ 
face, it adheres to this though not very firmly. A slight 
blow causes it to sink into the water, after which it will 
not adhere to the interface.... When calcium sulphate 
powder, suspended in water, is shaken with kerosene, 
a very small amount of powder does unquestionably cling 
to the interface and tliis also happens if a sodium 
sulphate solution is added to a calcium chloride solution 
and the mixture is shaken with kerosene at once. There 
is no question therefore but that occasional particles will 
adhere to the interface when a powder is shaken with two 
liquids even though thin plates of the same substance remain 
covered with a continuous film of the two liquids when brought 
into the interface. A possible explanation is that the viscous 
emulsion layer which forms under the petroleum layer after 
vigorous shaking with water, slows down the rate of sinking 
of the powder so much that there is time for the thin adher- 

^ Duting the boiling the molybdenite powder and also many others are 
carried up in relatively large amounts to the surface. 

* In order to make this experiment comparable with those with powdered 
gypsum, a saturated solution of calcium sulphate was used instead of water. 
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ing water film to be removed by the kerosene. It is also 
possible that the particles are held fast by the surface film’ 
which forms when kerosene is shaken with pure water. It is 
also conceivable that the water films around the grains of 
gypsum are broken mechanically by shaking with kerosene. 
At the water-chloroform and the water-xylene interfaces 
there adhere only traces of a calcium sulphate powder suspended 
in water. In the water-chloroform system the chloroform 
which does not wet the gypsum, is the more dense liquid and 
consequently the particles, on standing, settle apparently 
upon the interface; but they are not really in contact with 
it as is shown by the fact that a mild shaking whirls them 
up into the body of tlie upper liquid. If one suspends gyp¬ 
sum powder first in kerosene, xylene, or chloroform, and then 
adds water carefully, the same phenomena are obtained as in 
the similar experiment with glass powder. The powder 
clings at first to the interface with the exception of the coarser 
particles which fall at once from the xylene or kerosene into 
the water. When the tube is shaken, nearly all the gypsum 
goes into the water phase and only a little is left at the inter¬ 
face. Just as with glass powder, the amount remaining at 
the interface is greater the longer the powder is left in contact 
with the organic liquid. If the gypsum were only suspended 
for a couple of minutes in the organic liquid, the amount that 
remained in the interface was scarcely larger than if the gyp¬ 
sum had been suspended in water from the first. If the 
gypsum is left several weeks in the organic liquid, distinctly 
more powder remains in the interface. Just as with glass, 
heating the gypsum with the organic liquid cuts down the 
time enormously. 

“Calcium carbonate behaves entirely differently from 
calcium sulphate. If one brings a plate of Iceland spar out 
of water^ into a xylene or kerosene interface, it adheres there 

' [This is due to impurities in the kerosene and should have been eliminated 
in these experiments. W. D. B.J 

* When these pieces are laid on the surface of water they float there but 
sink into the water if jarred. The finest particles of calcium carbonate powder 
also float at the foam interface but can easily be shaken into the water. 
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even when considerably thicker than a g5rpsum plate, and is 
not easily shaken off. From this experiment the adhesion of 
Iceland spar to xylene or kerosene must be considerably 
greater than that of gypsum. In accordance with this is 
the fact that calcium carbonate powder suspended in water 
goes quantitatively into the dineric interface provided the 
coarser particles have been removed by sedimentation. The 
experiment comes out the same way with olive oil in place 
of kerosene or xylene, the powder being retained quantita¬ 
tively at the interface.' On shaking, a fine emulsion is formed 
which carries the whole of the powder up with it. When cal¬ 
cium sulphate is used, only a small amount of powder clings 
to the oil.” 

Tablb I 


Water and 

Ether 

Chloro¬ 

form 

Butyl 

alcohol 

j 

! Benzene | Kerosene 

Amyl 

alcohol 

Paraffin 

oil 

CaS()4 

W 

w 

i w 

' w 

w 

w 

w 

Sn02 

w{s) 

ws 

, ws 

s{w) 

s(w) 

sw 

sw 

A1(0H)3 

w{s) 

ws 

ws 

s 

s(w9) 

sw 

s(w) 

SnS 

ws 

ws 

' ws 

s(w) 

slw) 

S 

ws 

BaS 04 

ws 

ws 

ws 

s 

S 

s(w9) 

s(w9) 

ZnS 

w{s) 

ws 

ws 

s 

s{w?) 

s 

s{w9) 

ZnO 

ws 

ws 

s{w) 

s 

s 

s 

s 

CaCOs 

ws 

ws 

s 

s 

s 

s 

s 

Mg(OH)2 

s(wf) 

ws 

S 

s 

s 

s(w) 

sw 

A1 

sw 

s{w) 

s{w) 

s 

s 

s{w) 

s 

BaCO., 

ws 

ws 

s 

s 

s 

sw 

s 

CuS : 

ws \ 

s{w) 

1 

s 

5 

s 

\ s 

PbCr04 

ws j 

s{w}) 

I ^ 

s . 

S 

s 

1 s 

Cu20[?] 1 

ws 1 

s 

i ^ 

s 

s 

s ' 

s 

M 0 S 2 ; 

s{w9) 

s 

i ^ 

^ i 

\ 

s 

s 

s 

PbS 

ws 

s 


s 

s 

s 

s 

Fe 304 1 

ws 

s 

s 

s 

s 

s 

\ 

s 

BaCr ()4 ; 

ws 

s 


s 

s 

s 

s 

Pb304 1 

sw 

s 

\ 

; s 

, -J 

s 


s 

C 

sw 

s 

i ^ 

i 

s 

s 

s 

Pbis 

s 

s \ 

OS 

! ^ 

s 

0$ 1 

s 

HgS 

s 

^ 1 

1 ^ 

i ^ 

s 


s 

HgO 

s 

1 

5 

1 s 

s 

5 1 

0 

Hgl2 

s 

^ 1 

s 

s 

s 

0 \ 

OS 

Agl 

s 

s j 

0 

s 

s 

0 

OS 


’ Of course the free acids in the rancid oil convert some of the calcium 
carbonate into the calcium salts of the fatty adds. 
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In Table I are given some of Hofmann’s results. The 
letter w means that the liquid goes nearly completely into 
the water phase, while 0 denotes that it goes almost completely 
into the organic liquid; 5 means that the powder collects 
nearly quantitatively in the interface. Two letters, such as 
sw, mean that the powder goes partly into the interface and 
somewhat less into the water phase; the use of a parenthesis, 
s{w} or s(o), signifies that there is a good deal more powder 
in the interface than in the bracketed phase. Benzene and 
xylene behave alike so only one is given. In the experiments 
tabulated, the powder was placed in water and then shaken 
with the organic liquid. 

Much the same conclusions have been worked out by 
Reinders’ independently of Hofmann. .Some of his data 
are given in Table II. The powder was placed in the water 
phase and then shaken with the organic liquid. 

Table II 


Water and 

Paraffin oil 

Amyl alcohol 

ecu 

Benzene 

Ether 

Kaolin 

w 

uis) 

w(s) 

w 1 

w{s) 

CaFa 

ws 

ws 

w{s) 

iv{s) 1 

w(s) 

Gypsum 


ws 

w 

1 

lOS 

BaS04 

w{s) 

ws 

ws 

SW ' 

ws 

Magnesium 

ws 

ws 

ws 

ws ' 

ws 

PbO 

s 

s 

sw 

5 

S7V 

Malachite 

so ! 

s 


5 

sw 

ZnS 

1 5 ; 

s 

! 5 

5 

sw 

PbS 

SO : 

so 

! 


s 

Hgl* 

so 

s 

1 

' ^ i 

s 

Carbon 

so t 

s 

i ^ 


s 

Selenium 

1 so I 

so 

1 so 

i 5 i 

s 

Sulphur 

so 

so 

! 

' so 

s 


Similar results were obtained with colloidal solutions. 
Isobutyl alcohol was added to a colloidal gold solution ob¬ 
tained by reducing gold chloride witli carbon monoxide. 
When the two liquids are shaken, the gold forms a thin film 

* Zeit. Kolloidchemie, 13, 235 (i9J3). 
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at the interface. This film is violet blue to blue green by 
transmitted light and golden by reflected light. A thin water 
film forms between the isobutyl alcohol and the glass, and the 
gold concentrates in the dineric interface thus formed, mak¬ 
ing the alcohol appear uniformly gold-plated. With ether 
the gold film rises high above the level of the two liquids. 
With carbon bisulphide the adherent fihn of gold appears 
blue. When the carbon bisulphide is broken into drops by 
shaking, each drop appears blue. When a blue gold was ob¬ 
tained by reducing gold chloride with phosphorus dissolved 
in ether, the gold went into the dineric interface. When a 
brownish red gold was obtained in this way, it remained in 
the water phase and showed no tendency to pass into the 
interface. This difference is undoubtedly due to an adsorp¬ 
tion of something at the surface of the gold because Reinders 
found that 0.005 percent gum arabic prevents colloidal gold 
from passing into the ether-water interface. With carbon 
tetrachloride, carbon bisulphide, and benzene, the gold goes 
to the interface as before; but the gum arabic prevents its 
changing from red to blue. 

With colloidal ferric oxide practically no iron went into 
the interface with any of the organic liquids. It seems proba¬ 
ble that this is due to Reinders using a ferric oxide solution 
which was a year and a half old, because hydrous ferric oxide 
is ordinarily a pretty good emulsifying agent.* Colloidal 
arsenic sulphide goes into the dineric interface with amyl 
alcohol or butyl alcohol; but stays in the water phase when 
carbon tetrachloride, benzene, or ether is the second liquid. 
India ink goes completely into the interface with amyl alco¬ 
hol, carbon tetrachloride, or benzene; it goes partly into the 
interface with isobutyl alcohol and stays entirely in the water 
phase when ether is the second liquid. 

An interesting experiment, which has been done in my 
laboratory,* is to shake copper powder or aluminum powder 

' Briggs: Jour. Phys. Chem., 19, 296 (1913). 

’ Bancroft: Trans. Electrochem Soc., *3, 294 (1913). 
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with kerosene and water. The metalUc powder goes into 
the kerosene and into the interface, producing an effect of 
molten copper or molten aluminum as the case may be. When 
the bottle is allowed to stand after having been shaken, the 
metallic powder in the interface creeps up the side of the 
bottle above the surface of the liquid, rising higher if a little 
alcohol has been added. I have seen an apparently coherent 
metallic film rise two or three inches above the surface of the 
upper liquid phase. If too much copper or aluminum be 
added the kerosene cannot hold it all up and a portion falls 
to the bottom of the flask carrying drops of kerosene vdth it. 
If the mixture be poured out on a piece of wood, the copper 
spreads over the surface of the wood just as it did over the 
surface of the glass. This exppriment illustrates the princi¬ 
ple involved in all bronzing liquids. A bronzing liquid con¬ 
sists of a volatile liquid which will hold up the metal, and some 
substance which will keep the metallic powder from rubbing 
off too readily after it has been applied. This second sub¬ 
stance also serves the purpose of keeping the metallic powder 
in a better state of suspension in the volatile liquid. Ac¬ 
cording to Worden' the best of these bronzing liquids consist 
essentially of pyroxylene dissolved in amylacetate, to which 
the metallic powder is added. For bronzing radiators and 
steam pipes, a pure pyroxylin would not do since it would 
decompose, disintegrate and allow the metallic coating to 
peel off. To prevent this, boiled linseed oil and resin may be 
added. Such preparations are of course much slower in dry¬ 
ing than pyroxylin bronzing liquids; but that is not a serious 
objection for these special purposes. A much cheaper form 
of bronzing liquids consists of rosin dissolved in benzine 
while the cheapest of all is apparently a solution of sodium 
silicate in water. The aluminum and copper powders on the 
market are coated with stearin; but special experiments in 
my laboratory have shown that the behavior of copper and 
aluminum with kerosene is the same qualitatively whether 
the stearin coating is removed with ether or not. 

* Nitrocellulose Industry, 1, 3x0-320 (19x1). 
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Instead of using a bronzing liquid to coat a solid, it can 
also be used, according to Worden,' to make imitation gold 
and silver leaf. “Soluble cotton ('A lb.) is dissolved in one 
gallon amyl acetate, and this combination mixed with 25 
percent bronze. After very thorough mixing, the prepara¬ 
tion is poured over a liquid heavier than the bronzing solu¬ 
tion as water, glycerol, or carbon tetrachloride, depending 
upon the weight of bronze. The amyl acetate evaporates 
and leaves a thin film or leaf on the surface of the water. 
It is not stated in what manner the amyl acetate layer is 
placed on the water without causing precipitation of the 
pyroxylin before the latter assumes the solid form. By sub¬ 
stituting aluminum powder for the bronze, it is claimed, 
silver leaf can be produced with equal facility. 

“In the United States, this patent has passed through 
the experimental stage and considerable quantities of this 
imitation gold leaf, or ‘Oriental Tissue' and ‘Japanese Leaf,’ 
as it is more often called, is prepared in the following manner: 
The formula stated above by the patentee has been found 
unduly expensive and may be replaced by amyl acetate 
45 percent, refined fused oil 8 percent, and benzine (62°) 
47 percent, the pyroxylin and bronzes being substantially 
as stated above. No readily water-soluble solvents or non¬ 
solvents must enter the formula on account of danger in ren¬ 
dering the film white, opaque and devoid of strength when 
the solution is floated on the surface of the water. A long 
vat of wood, from 50- 75 ft in length and about 2 ft. wide, is 
filled with water from 6-12 inches in depth. A hopper carry¬ 
ing the bronze and solvent mixture, and having a slit in the 
bottom which is adjustable, is filled with lacquer-bronze 
mixture, the diameter of the slit adjusted, and this hopper 
rolled over the surface of the water, but not touching, the 
sides of the vat acting as a track on which the hopper runs. 
By varying the diameter of the slit in the hopper and the speed 
of the movement over the surface of the water, the depth 


^ Nitrocellulose Industry, i, 312 (1911). 
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of the film may be varied within wide limits. That gold 
bronze found most applicable is known in the trade as Dutch 
gold or 'blue elephant.’ There is thus deposited on the sur¬ 
face of the water a gold film of some 50 ft. in length and of 
a width so that when trimmed it is i ft., and in this manner 
apjjears in commerce. The thickness is about the same 
as a sheet of ordinary writing paper. This imitation gold 
leaf is finding extensive use in the book-bindery trade in the 
place of real gold leaf for lettering titles.” 

Winkelblech* has proposed making use of the tendency 
of certain substances to go into the dineric interface in a 
method of analysis. 

“If a solution of glue is shaken violently with benzine, 
the glue is precipitated. There is formed a sort of stiff emul¬ 
sion of glue, benzine, and water, which separates from the 
water on standing, partly in consequence of entangled air. 
When the solution is rich in glue, a voluminous product is 
obtained in large lumps. If, however, a A'ery dilute solution 
is taken, a number of bubbles of various sizes may be noticed 
resting for a considerable w^hile on the surface of the w^ater 
phase. When they break, there is left a i)ernianent, whitish 
ring of \Try small bubbles adhering to the walls of the vessel. 
The further study of the phenomenon was carried out with 
pure gelatine. 

“The following data will show that mere traces of gela¬ 
tine can be made visible or precipitated in this way. A heavy 
precipitate was obtained w’hen 10 cc of a solution containing 
0.234 R gelatine per liter was shaken with benzine. Pre¬ 
cipitates w^ere also obtained when the gelatine solution was 
diluted tenfold, tw^entyfold and even forty fold, provided 10 
cc solution were taken for the test. At the highest dilution 
the concentration of the gelatine was 0.06 g per liter and 
there were consequently 0,06 mg in the 10 cc taken for tiie 
test. This seemed to be about the limit at which a precipi¬ 
tation could be detected definitely. The possibility of recog- 


Zeit. an^ew. Chcm., 19, 1953 (icK> 6 ). 
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flizing small amounts of substance is due, as stated, to the 
fact tibat these come out in the very voluminous form of very 
small bubbles. In order to get these last portions out, a very 
energetic shaking is necessary. In order to concentrate the 
precipitate in the smallest space, the containing vessel should 
not be wider than an ordinary test-tube, at any rate at the 
surface between the benzine and the water. For handling 
small amounts of liquid, a 50 cc measuring flask with a rela¬ 
tively wide neck was used. After shaking, the flask was in¬ 
verted and the two liquid phases collected in the neck. Later 
a small stand glass with a glass stopper was substituted for 
this. 

“By means of this limiting figure for the amount of 
gelatine which can be detected, gelatine determinations were 
made fairly successfully with solutions prepared by others. 
It was only necessary to dilute samples of the solution until 
the same slight amount of precipitation occurred and no pre¬ 
cipitation occurred on further dilution. Gelatine behaves 
in slightly acid or slightly alkaline solutions much as it does 
in pure water, though the volume of the precipitate seems 
somewhat less in the first case and somewhat greater in the 
second. Such small amounts of gelatine cannot be detected, 
however, in presence of larger amounts of acids, alkalies or 
salts. Larger amounts of solution might be taken, however. 
If a dilute, acidified solution of gelatine be boiled for a short 
time, it gives no precipitate when shaken with benzine.' 

“Some other colloids behave like the glue colloid (glutin) 
and can be shaken out of their solutions. Other hydrocar¬ 
bons are also effective so that the phenomenon seems to be a 
general one. Precipitation was obtained with solutions of 
albumin, water-soluble starch, and soap, as well as with 
rosin dissolved in very dilute caustic soda. The colloids 
grouped as mucin can be precipitated from urine and the pro- 

* III making up the solutions to te diluted, heating was avoided so far as 
possible. The gelatine was allowed to swell in cold water and was then dissolved 
by shaking with warm water. 
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teins from beer. It is worth noting that tannin can be pre¬ 
cipitated but not gallic add. 

“Among organic substances slight precipitates were ob¬ 
tained from a dilute solution of sulphur in caustic soda and 
from a dilute solution of water glass. With water glass the 
predpitate rapidly became granular and dropped into the 
water phase. Addified water-glass solutions gave clear 
layers.* A sample of concentrated ammonia solution, when 
diluted, gave a test for silica. 

“The hydrocarbons which can be used are: kerosene, 
liquid paraffin, benzene, chloroform, and carbon bisulphide 
[in addition to benzine]. The result varies somewhat from 
case to case. With the hydrocarbons which are lighter than 
water, the precipitate floats on the water; with the denser 
hydrocarbons the precipitate is below the water layer. The 
emulsions which form seem to have veiy nearly the same 
density as the organic liquid u.sed. It is not possible to get 
the precipitation with all liquids which are non-miscible 
or .slightly miscible with water. Experiments with ether 
were entirely unsuccessful. 

“If one asks why these things happen, the most plausible 
explanation seems to be the following, which recognizes the 
surface tension as the important factor. The violent shaking 
breaks the second liquid into a large number of drops, which 
evidently have the power of condensing on their surfaces 
the tiny, wet, colloidal particles. The particles then coalesce 
to larger complexes and there is formed a rigid emulsion 
which also contains enclosed water. 

“When the gelatine concentration was nearly down to 
the minimum recognizable, a few large, completely transparent 
and fairly permanent bubbles (drops) appeared, which were 
filled with hydrocarbon except for a tiny air bubble. From 
this it follows that the wet colloidal particles are able in 
some way to form smface films. This seems to be a special 


^ Flemming found that acidified water-glass solutions gelatinize much 
less rapidly than alkaline ones, Zeit. phys. Chem., 41, 427 (1902). 
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case of the familiar phenomenon of the foaming of many 
liquids when stirred, a phenomenon which also always depends 
on the separation of small amounts of colloids and perhaps 
of traces of fatty substances. 

“When a colloidal solution contains suspended impurities 
these are carried out more or less completely with the colloidal 
material, so one can use this method as a means of purifying 
certain waters though not as a means of purifying colloids. 

“As a complement to the action of hydrocarbons on 
aqueous colloidal solutions it was found that fats dissolved 
in hydrocarbons or similar liquids can be precipitated in the 
siu^ace film by shaking witli water. The fats therefore 
form colloidal solutions. Precipitations were obtained with 
butter, olive oil, lanolin, and vaseline. It was also found that 
the emulsions of heavy hydrocarbons or carbon bisulphide 
with the fats of low specific graxdty also accumulate below the 
water layer, only a small portion being carried to the surface 
by adhering air bubbles. When water is used for shaking out, 
the precipitation is very slight. With a slightly alkaline 
solution such as dilute lime water, heavy voluminous precipi¬ 
tates w'ere obtained while a transparent layer of fat is ob¬ 
tained when a slightly acid solution is used. With concen¬ 
trated alkali or acid solutions, viscous emulsions are obtained 
which hold fast considerable amounts of .solution.” 

These results of Winkelblech are exactly what one would 
expect for substances which pass into the interface. The 
failure to obtain results with ether is undoubtedly' not a gen¬ 
eral phenomenon. A glance at I'able I will show that ether 
was found by Hofmann to be one of the least effective liquids 
for carrying sub.stances into the interface; Winkelblech hap¬ 
pened to use substances which stayed in the water phase. 
Reinders shook out colloidal gold with ether; but also found 
that very small amounts of gum arabic prevented the gold 
going into the interface. If one is to use Winkelblech’s 
method to detect small amounts of gelatine, it is essential to 
test the pure reagents. We tried to repeat Winkelblech’s 
experiments once, using benzene as the organic liquid. There 
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seemed to be no limit to the sensitiveness of the reaction un¬ 
til we found that the benzene alone gave a faint film when 
shaken with water. This was apparently due to a slight 
trace of rosin or similar matter dissolved in the benzene. 
Carefully purified benzene did not give any film. This test 
can be used as a means of detecting small amounts of such 
material in benzene. 

Winkelblech’s results seem not to have appeared normal 
or natural to other people. At a meeting of the Bunsen 
Society,' Jordis said that Winkelblech had made the very 
remarkable observation that all so-called colloids can be pre¬ 
cipitated if one shakes an aqueous colloidal solution with 
hydrocarbons such as benzine, kerosene, etc. He wondered 
whether any of the meml)ers had made any experiments, 
for he himself could think of no explanation for the phenom¬ 
enon. Biltz replied that he could confirm and amplify W’in- 
kelblech's observations “Independently of Winkelblech, a 
most interesting and, at first, inexplicable obser\ation had 
been made in the technical research laboratory' at Mansfield 
during the titration of cojiper solutions with alkali sulphides, 
namely that the colloidal solution of ccjpper sulphide clears 
up instantaneously if shaken with chloroform or any similar 
liquid. The finely di\ided copper sulphide coagulates and 
precipitates, leaving a clear solution suitable for titration.- I 
have also made a number of experiments with other colloidal 
solutions, (jold and platinum, for instance, can be jmecipi- 
tated wonderfully well, and apparently all liquids whic'h are 
not miscible with water act equally well. Winkelblech has 
patented the use of such organic liquids as ktTosene for clear¬ 
ing sewage. We have made tests to see how much of the 
putrefiable matter in the sewage can be precipitated by shak¬ 
ing with an organic solvent. About 20 pere'ent was thus 
precipitated.” 

Luther remarked that “not only colloids but suspension-. 


^ Zeit. Klektrochemie, 13, 540 (1907), 
Koch: Zeit. anal. Chera., 46, 31 (1907). 
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of microscopic particles can be made to settle wonderfully 
when the water is shaken with a second nqn-miscible liquid. 
The earliest experiments on the subject, so far as I know, 
are those of the physiologist, Prof. Hofmann (now in Iims- 
bruck). The experiments were ma,de in Leipzig and were 
published in abstract in Pfliiger’s Archiv. The whole paper 
has not been published. The phenomenon can be shown 
admirably by shaking an aqueous suspension of lead oxide 
with toluene or chloroform.” 

It is not clear whether Luther means that the suspended 
matter coagulates and settles, or whether it passes into the 
interface. The two phenomena should be kept quite dis¬ 
tinct. 

The application of Winkelblech’s method to the purifica¬ 
tion of sewage has been studied by Biltz and Krdhnke.* 
“Several years ago we“ showed that a large portion of the oxid- 
izable material in city sewage is in a colloidal state. The 
putrefiable material which was isolated by dialyzing acted 
in so many ways like colloidal material that there could be 
no doubt about its colloidal nature. This seems for the first 
time to give an answer to the question as to the way in which 
the purifying agents really act in the technical purification 
of water. Although Dunbar and his co-workers^ have ex¬ 
pressed the opinion that the removal of putrefiable substances 
by the purifying agents was analogous to dyeing and there¬ 
fore an adsorption phenomenon, there was no explanation 
for the degree and specific nature of the purification. The 
development of colloid chemistry has shown that the power 
of combining by adsorption is one of the most general charac¬ 
teristics of colloids. Once the colloidal nature of the sewage 
material was established, our general knowledge in regard to 
colloids could be applied to this special case and it could be 
brought into line.... 

* Zeit. angew. Chem., ao, 883 (1907). 

Ber. deutscfa chem. Ges. Berlin, 37, 1745 (1904). 

» Cf. Dunbar: Vierteljahrschrift fur gerlchtliche Medizin und dffentliches 
Sanitatswesen {3) ij>, Suppl. Bd., 178 (1900). 
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“Winkelblech* and Koch* have recently called attention 
to an adsorption phenomenon which seems to be peculiar 
to dissolved colloids. If one shakes an aqueous colloidal 
solution with an organic solvent which is not miscible with 
water, the finely divided drops of the organic liquid carry down 
with them the colloidal particles in the solution and form a 
foam film separated sharply from the water layer. This ob¬ 
servation has been made successful use of technically in copper 
analysis to clear up copper hydrosols (Koch); independently 
of him Winkelblech has recommended purifying turbid water 
in the same way. The following experiments show that some 
purification is obtained when sewage is shaken with an organic 
liquid.* 

“Spandau sewage was shaken for three hours on a shak¬ 
ing machine in 100 cc lots together with 5 cc organic liquid 
and I cc 30 percent H2S()4; it was then allowed to stand for 
an hour and a half. In order to determine the degree of 
purification, acidified samples of sewage were shaken by them¬ 
selves and 100 cc lots of pure water were .shaken with the 
organic liquids. The content of oxidizaljle material after 
.shaking was the difference between the permanganate con¬ 
sumption of the sewage samples and the pure water samples, 
for the water required perceptible amoimts of permanganate 
after being saturated with aliphatic solvents. In order to 
remove any drops of organic liquid the pipetted samples w'ere 
filtered through a dry filter. The sewage samples seemed 
perfectly clear after being shaken and filtered. A film like 
an oil emulsion had fonned out of organic solvent and the 
adsorbed albuminoids. 

“Since the electrical charge on a colloid is known to be 
of importance in determining the precipitation of colloids, 
organic liquids were used having very different dielectric 
constants; but there was no apparent connection with this 
and there is really no evidence that there is any difference of 

‘ Zeit. angew. Cbem., 19 , 1953 ( 1906 ). 

* Zeit. anal. Chem., 46 , 31 (1906). 

• Cf. Winkelblech; D. R. P. 180493 (1907). 
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behavior between the organic liquids because the value for 
carbon bisulphide is uncertain, owing to the high perman¬ 
ganate consumption for water saturated with this liquid.” 

Adsorption of Undialyzed vSewage by Organic Liquids 

! Oxidizablc matter in mg KMn04 



1 per liter 


Percentage 



- 

adsorbed 


not adsorbed 

adsorbed 


Benzene 

165 

60 

27 

Chloroform 

174 

51 

23 

Nitrobenzene 

156 

69 

3 J 

Kerosene 

J 47 

78 

35 

Adsorption of Diauyzfd Sewage 

BY Organic .Solvents 


! Oxidizable matter in mg KMn04 



! per liter 

, 

Percentage 

i 

1 

- -' 

adsorbed 


^ not adsorbed | 

adsorbed 


Benzene 

ro8 

27 i 

20 

Carbon bisulphide ] 

72 


47 

Nitrobenzene 

98 

37 

27 

Kerosene 

89 

46 

34 


Biltz considered the phenomenon as a straight adsorption 
and therefore believed that the adsorption isotherm should 
apply. For this reason, he did not try to find out why the 
purification was not more complete. Briggs' has shown re¬ 
cently that the adsorption varies with the surface exposed, 
as of cour.se it should do. If the surface of the organic liquid 
were made sufficiently large, there seems to be no reason 
why the extraction should not be increased very much over 
the figures obtained by Biltz. If the precipitated material 
could be obtained in a coagulated form which was not readily 
peptonized by water there is no apparent reason why there 
should not be practically complete precipitation. I therefore 


' Jour. Phys, Chem., 19, 210 (1915). 
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look upon Biltz’s paper as a valuable bit of preliminary work 
but as being far from the last word on the subject. It seems 
to me that there is here a very important field for research. 

Robertson^ has described some experiments which em¬ 
phasize the emulsion formation. “If one shakes solutions 
of caseine, gelatine, or protein with chloroform, fine parti¬ 
cles or drops are formed which, when numerous, form a milky 
layer at the bottom of the vessel; by transmitted light, they 
appear completely clear. These drops are extraordinarily 
stable and do not coalesce no matter how long they are left 
in contact. They can be washed repeatedly with water 
until all traces of protein are removed from the supernatant 
liquid but they remain completely stable and separated 
one from the other. They can even be shaken with chloro¬ 
form or with A'/10 potassium hydroxide without loss of sta¬ 
bility. If the drops are heated under a water layer to about 
the boiling-point of chloroform, they burst, coalesce, and form 
a continuous layer of chloroform. When treated with alcohol, 
they dissolve at once and leave a fine filmy precipitate of pro¬ 
tein floating on the water. If we shake chloroform with twice 
its volume of a one percent protamin .sulphate solution, allow 
it to stand, separate the chloroform drops by decantation, 
wash them repeatedly with water, add about an equal volume 
of water, and stir cautiously, the drops swell and burst, and 
we see the line membraiu's which surrounded them sink through 
the aqueous alcohol. If we add several volumes of alcohol, 
the drops of chloroform disappear completely and what we 
now obtain is a clear, homogeneous solution in which num¬ 
berless very thin membranes can be seen floating.’' 

From the experiments that have been described we see 
that wherever a suspended substance is wetted simultaneously 
by two liquids it will pass into the dineric interface and v\nlll 
therefore tend to form an emulsion. If the particles of the 
suspended substance are incapable of coalescing to form a co¬ 
herent film, the emulsion will be verj" short-lived. An admira- 


^ Die physikalische Chemie cler Proteine. 308 (1912). 
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ble illustration of this is to be found with copper, kerosene, 
and water. On shaking the three substances together we get 
a copper-plated emulsion which soon breaks down because 
the copper, powder does not form a coherent film. We then 
have two liquid layers with tlie copper powder adhering to the 
liquid interface. By adding gum or something which would 
cause the copper particles to stick together, it would probably 
be possible to make a permanent emulsion if that were worth 
while. I don’t myself know what I could do with a perma¬ 
nent copper-plated emulsion even if I had one, so I have not 
tried to get one. The surprising thing to me has always 
been that the copper emulsion did not break down much 
more rapidly than it actually does. The copper powder 
gives a surprisingly good imitation of a coherent film. This 
seems to be a general phenomenon for Metcalf’ says that 
“apparently any solid, which is distributed uniformly over 
a liquid surface, has the power of forming a solid film. When 
a small amount of talc powder or lycopodium is scattered uni¬ 
formly over a liquid surface, there is formed a solid film 
showing distinct signs of elasticity and strength.’’ 

The other extreme is represented very well by sodium 
oleate, kerosene, and water. By shaking tliese three sub¬ 
stances vigorously, we gel a fairly permanent emulsion of 
kerosene in water. This is because the sodium oleate forms 
a fairly permanent, coherent film under ordinary conditions. 
With ordinary soap (and probably also with sodium oleate), 
kerosene, and water, one can revert to the instable form of 
emulsion by adding sodium chloride or sodium hydroxide. 
These substances tend to precipitate soap from aqueous solu¬ 
tions; in other words, they tend to make soap cone down 
less hydrous. A film of less hydrous soap is brittle and lacks 
elasticity. For this rea.son it is quite impossible to get a good 
soap emulsion if the water contains considerable quantities 
of sodium chloride or caustic soda. 

Briggs* has shown that more soap is adsorbed by a given 

1 Zeit. phys. Chetn., 52, 45 (1905). 

• Jour. Phys. Chem., xp, 210 (1915). 
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amount of benzene the greater the surface of the benzene, 
in other words, the smaller the drops. It seems to be very 
probable that the soap film is less hydrous the more surface 
a given amount of soap is required to cover. While there is no 
direct experimental proof of this as yet, it is made very plaus¬ 
ible by the general behavior of emulsions. Emulsions with 
an excess of liquid to be emulsified seem usually to be less 
stable than those with a marked excess of the emulsifying 
liquid. This hypothesis is of assistance in accounting for 
Winkelblech’s experiments. When he shook a dilute solu¬ 
tion of gelatine with benzene for instance, the gelatine tended 
to emulsify the benzene; but the benzene was present in 
relatively large amounts and consequently the gelatine film 
round the drops contained relatively little water and was 
correspondingly brittle. When the drops coalesced again, 
the gelatine was left in a precipitated or coagulated form not 
readily peptonized by water. Winkelblcch’s experiments 
therefore differ from those of a man making an emulsion in 
that Winkelblech worked, unconsciously of course, under 
conditions which tend to make the film form as a non-coherent 
mass not readily peptonized by either liquid. It does not 
follow that the emulsion always cracks completely. In 
Robertson’s experiments, the drops apparently remained 
emulsified. The principle underlying Winkelblech’s work 
is the partial emulsification of one liquid by a small amount 
of an emulsifying agent present in the other liquid. If the 
emulsion is moderately stable, we see it as a cream. If the 
emulsion is instable we may still see the membranes which 
had formed round the drops, provided these films are not 
peptonized too rapidly by either of the liquids. 

There ought to be a special term for substances which 
pass into the interface. It is not satisfactory to call them 
emulsifying agents, because that term should be kept for sub¬ 
stances which really form moderately stable emulsions and I 
should hardly care to call copper powder, for instance, an emul¬ 
sifying agent for kerosene and water though this might be done. 
I suggest, therefore, that the general term be “interfacial,” a 
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substance being interfacial for two liquids when its finely 
divided particles pass into the dineric interface of those two 
liquids.* A substance which was held firmly in the interface 
would be strongly interfacial. 

Winkelblech’s method is then a test for interfacial sub¬ 
stances. As such it seems to me capable of wider apph'ca- 
tion than has yet been made. It seems to me that it may 
prove a valuable method for detecting colloidal solutions. 
Hydrous ferric oxide is strongly interfacial for benzene and 
water and we can show the presence of hydrous ferric oxide 
in a ferric chloride solution by shaking with benzene.' It 
seems to me that the method might be used for research work, 
to show the existence or non-e.\istencc of colloidal oxides when 
hydrous chromium, aluminum, or zinc oxide is apparently 
dissolved in an excess of alkali. Deductions from the data 
must be made cautiously, because the second liquid may in¬ 
crease perceptibly a hydrolysis which is otherwise negligible; 
but a correction can doubtless be made for this in any given 
case. I hope to be in a position before long to report on some 
such experiments as these. 

The general results of this paper are as follows: 

1. Many organic licjuids adsorb hydroxyl ions from an 
aqueous alkaline solution 

2. Although it is theoretically possible that oils may 
make supersaturated solutions of sodium sulphate crystallize, 
it seems probable that 'ronilinson’s work along this line is 
inaccurate. 

3. When shaken with water and a non-miscible organic 
liquid, solid particles tend to go into the. water phase if they 
adsorb water to the practical exclusion of the other liquid; 
they tend to go into the otiu r liquid phase if they adsorb the 
organic liquid to the practical exclusion of the water; and they 
tend to pass into the dineric interface in case they adsorb 
tlie two liqTiids simultaneously. 

4. The simultaneous a<lsorption of two liquids probably 


' Briggs: Jour. Bhys. Chcin., 17, 296 (1913). 
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produces a homogeneous liquid phase at the surface of the ad¬ 
sorbing particle. 

5. A substance which passes into the dineric' interface 
is called interfadal for those two liquids. 

6. An interfacial substance can be shaken more or less 
completely out of its suspension in one liquid by adding a 
second liquid for which the substance is interfacial. 

7. When an interfacial substance can form a coherent, 
and fairly stable, film we get a fairly .stable emulsion. 

8. Winkclblech’s method of shaking out colloids is a 
method for detecting inlerfacial substances. It is effective 
in case a fairly stable emulsion is fonned or if the interfacial 
substance is left, when the drops coalesce, in a form not 
readily pej)tonized by either liquid. 

9. It seems probable that an interfacial substance comes 
out of the aqueous ]ffiase less hydrous, the greater the surface 
of the other liquid phase. 

10. It seems probable that Briggs is right in suggesting 
that Winkelblech’s method can l^e used as a method of re¬ 
search to detect ])eptonized substances in j)resence of dissolved 
substances. 


Cornell University 



FLAME REACTIONS, IV 


BY WILDER D. BANCROFT AND HARRY B. WEISER 

Salts in Oxygen and Chlorine Fiames 

All the salts of the alkali metals impart a marked color 
to the Bunsen flame and the object of this investigation was 
to determine, if possible, what reactions were involved. Ex¬ 
periments have been made with the Bunsen flame, with hy¬ 
drogen burning in chlorine, and with chlorine burning in hy¬ 
drogen. 

When studying the luminescence produced by the addi¬ 
tion of salts to the Bunsen flame, it is essential to hav'e some 
method of getting a uniform and continuous distribution of 
the salt in the flame. The primitive method of putting salt 
in the loop of a platinum wire and holding the wire in the 
flame is satisfactory only for the purposes of qualitative anal¬ 
ysis because it does not color the flame uniformly and because 
the intensity varies as the salt disappears. Most of the spray¬ 
ers which have been devised* are complicated to make. The 
form devised by Gouy- is very satisfactory so far as giving 
a uniform and continuous luminescence is concerned. In 
this apparatus the salt solution is broken up into a fine spray 
by air passing through a sprayer under pressure. The spray 
saturates the air which is subsequently mixed with illumina¬ 
ting gas. When the gas is lighted, it biums with a flame 
which is colored brightly and uniformly throughout. We 
have found that the spraying apparatus as used by Gouy is 
far more complex than is necessary. From the spraying 
chamber Gouy led the air into a system of glass bulbs where 
it was mixed continuously with the requisite amount of gas. 
The mixer is bulky and difficult of construction; a fluctuation 
in the gas or air pressure might lead to an explosive mixture 
being formed in the apparatus. A special provision for ob- 

> Cf. Beckmann and Lindner; Zeit. phys. Chem., 83, 641 (1913). 

* Ann. chim. phys., (5) 18, i (1X79). 
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taining a mixture of gas and air in the right proportions 
seems superfluous in view of the fact that we already have 
such an apparatus in the ordinary Bunsen burner.* We 
have obtained very satisfactory results with a modification 
of Gouy’s apparatus. It may be made without difficulty in 
any laboratory. It is compact and simple; requires only 
a moderate amount of salt solution; and will 
run for hours with a minimum of attention. 

The apparatus is shown in Fig. i. The 
spraying device .S consists of two concen¬ 
tric glass tubes drawn out to jets. The 
other tube is preferably about one centi¬ 
meter internal diameter and from eight to 
nine centimeters in length. The opening 
should 1)<‘ about i. 5 mm in diameter. For 
the best results it is essential that the tube 
be drawn down uniformly fuid that the open¬ 
ing should be exactly concentric with the 
tube. About 5 cm from the tip a small 
hole A is blown. The tul)e is then fitted 
through the small one-hole ntbber stopper 
fi. The inner tube is 3-4 mm intenial 
diameter and is likewise drawn out to form 
a jet with an opening one millimeter in 
diameter. This inner tube is held finnly in 
])lacc concentrically by means of the rubber 
stopper H. I'he tip of the inner tube must 
be a short distance below that of the outer 
tube. Experiment will show wdiat adjust¬ 
ment is necessary to give the best results with any par¬ 
ticular sprayer. The inner tube is connected with the labora¬ 
tory supply of compressed air. 

The spray chamber surrounding the spraying tubes 
is a glass tube from 4-4.5 cm in diameter and 25 cm in length. 
It is closed at the two ends by the one-hole rubber stoppers 

Cf. de Watteville; Phil. Trails., 204A, 140 (1904)* 
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D and E. The spraying tubes pass through the lower stopper 
and the air saturated with the salt solution passes through 
the hole in the upper stopper to the burner. It was found 
that a compartment of this vsize was quite ample to secure 
thorough saturation of the air. If glass tubing of the size 
designated be not available, an ordinary straight lamp chim¬ 
ney from a grocery store will serve the purpose admirably. 

A very simple type of Bunsen burner, with no holes in 
the side for the entrance of air, was found to be .satisfactory' 
in all cases when it was not necessary to have the flame near 
the desk. In this type of burner the hole for the admission 
of air is at the lower end of the tube through the base of the 
bmner. At first it was thought possible to connect the spray 
chamber with the air hole of the burner by means of a straight 
glass tube. This did not work well, for a drop of liquid 
would soon collect in this tube causing the flame to bum un¬ 
steadily, or even to go out. To overcome this difficulty a 
piece of ordinary glass tubing, 4 mm internal diameter, was 
filed to a point as shown in Fig. i so as to prevent a drop of 
liquid being held in the tube by capillarity. A hole (i was 
cut through this tube near the end. The pointed end ex¬ 
tends not more than a centimeter into the spray chamber. 
By means of a platinum wire the cover // of a porcelain cru¬ 
cible is hung so that the ring of the cover just touches the 
point of the glass tube. For the best results the diameter 
of the spray chamber should not exceed that of the crucible 
cover by more than 3-4 inni. The burner is fastened to the 
upper end of the glass tube by means of a small rubber stopper. 

When starting the ap])aratus the sprayer is first fastened 
into the large glass tube and this latter is then clamped per¬ 
pendicularly to an iron stand. Connection is made with the 
supply of compressed air and a screw clamp C is put on the 
rubber tubing as close to the lower end of tube B as })ossible. 
A concentrated .solution of the salt to be examined is poured 
into the spray chamber until the level is above the end of the 
inner tube and below that of the outer tube. The solution 
runs in the hole in the side of the outer tube and fills the space 
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between the two tubes. The Bunsen burner is then connected 
with the spray chamber and with the gas supply. After the 
gas is lighted, the air is turned on and the screw clamp is 
opened. The rush of air through the tip of the sprayer car¬ 
ries the solution up as fine spray which strikes against the 
suspended crucible cover and against the sides of the spray 
chamber. The air becomes thoroughly saturated with the 
salt solution and passes through the tube F to the burner. 
The relative amounts of gas and air are regulated so that a 
smoothly burning, uniformly colored flame is obtained. Even 
when the salt is not very soluble, a sufficient amount is carried 
up to give a brightly colored flame. With soluble salts the 
color is very intense. Of course the method is not suitable 
for insoluble salts. No experiments have been made with 
other solvents than water though this could be done if de¬ 
sired. 

The efficiency of this simple spray device as a means of 
saturating the air may be shown by allowing it to run after 
removing the stopper E. A fog will rise from the end of the 
tube to a height of a foot or more. The sprayer has the ad¬ 
ditional advantages that it is very compact, that no parts 
are liable to break, and that only a little solution is needed. 

'I'he method of conducting the saturated air to the burner 
w'as found to work admirably for almost any reasonable 
length of time. The apparatus has been run for five hours, 
stopping only long enough to replenish the salt solution. 
During all that time the flame burned smoothly and was 
colored uniformly. It would be possible to modify the appara¬ 
tus so as to permit replenishing the salt solution without 
stopping if that were desired. It would only be necessary to 
have a second hole in either stopper D or E, through which 
a glass tube could be connected with a reservoir of salt solu¬ 
tion. If this were done the screw clamp C would not be abso¬ 
lutely necessary because the level of the solution need not be 
brought up above the tip of the inner tube until the air had 
been turned on; there would then be no danger of the solu¬ 
tion flowing down the inner tube. While this would have 
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certain merits, it would make the apparatus somewhat more 
complicated and we have not found any need for it. Since 
thefapparatus furnishes such a ready means for securing con¬ 
tinuously colored flame, its use as a source of monochromatic 
light|fsuggests itself. We have not made any experiments 
usin^oxygen instead of air or using acetylene instead of gas; 
but there appears to be no reason why the apparatus could 
not readily be modified to meet either of these requirements 
in^case it were desired to work at higher temperatures. 

Instead of having the burner stationary on the top of 
the spray chamber, it is sometimes desirable to have it stand¬ 
ing on the desk and connected with the somce 
of air by tubing in such a way that the 
burner can be moved from place to place. 
An arrangement for doing this is shown in 
Fig. 2. A Bunsen burner is taken which has 
holes in the side for the admission of air. 
These holes are then enclosed by means of 
a glass tube about 3.5 cm in diameter and 
4.5 cm in length. The flat corks J and K 
serve the double purpose of holding the glass 
tube in place concentric with the tube of the 
Bunsen burner and of making a closed com¬ 
partment L. Air saturated with the salt 
solution enters tliis compartment through the tube M and 
passes through the holes in the Bunsen burner up to the 
flame. A small glass bulb N opens into L. Into this bulb 
will run any excess of liquid which may condense in the 
compartment when the apparatus is kept running for a con¬ 
siderable length of time. Using this apparatus the burner 
may be placed in any desired position and a uniformly colored 
flame secured for as long a time as may be desired. 

When a saturated solution of sodium chloride in water 
is placed in the sprayer, the flame becomes brilliantly yellow 
because a relatively large amount of salt is distributed uni¬ 
formly in very fine particles throughout the flame. When 
this flame is viewed through the spectroscope one notices, in 
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addition to the brilliantly yellow lines, a continuous spectrum 
with a maximum in the blue.* When the Bimsen flame con¬ 
taining a sodium salt is looked at casually the blue lumines¬ 
cence is not seen because it is masked by the very much 
brighter yellow. A similar continuous spectrum in addition 
to the famihar line spectrum may be observed when lithium 
or potassium salts are introduced into the flame; but in these 
cases the blue or blue green luminescence is also masked to a 
great extent by the more intense light due to the line spec¬ 
trum. This fainter luminescence has actually been observed 
by I^enard® without the use of the spectroscope, particularly 
in that portion of the flame separating the reducing zone 
from the oxidizing zone. It was of course very diflScult to 
observe definitely the predominating color in this region of 
the flame because of the intense color in the oxidizing zone 
through which the light had to pass. In the case of sodium 
and potassium salts the apparent luminescence in this region 
was greenish yellow, and with lithium salts it was blue. This 
is about what one might expect to find by a rough observa¬ 
tion with the unaided eye. Particularly is this true in the 
case of sodium salts, for a bright yellow superimposed on 
blue would give greenish yellow as Lenard observed. 

Lenard also made some observations on the color of 
beads of salts after these were heated above the melting- 
point and then removed from the flame. He found that fused 
salts of the alkaline metals glow with a color which varies with 
the metal and which is for the most part independent of the 
acid radical present. Sodium salts glow with a sky-blue 
color, lithium salts with a blue color, potassium salts with a 
green color, and rubidium and caesium salts with a yellowish 
green color. This phenomenon of the luminescence of fused 
salts has been observed by us on a large scale with sodium 
chloride. ' In connection with another experiment altogether 

> Cf. Kirchhoff and Bunsen: Pogg. Ann., 110, 161 U80o); 337 (i86i); 

Gouy: Ann. Chim. Phys., (5) 18, i (1879). 

• Drudt’s Ann., 17, 199 (1905). 
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several pounds of sodium chloride were fused in an electric 
furnace. A light-blue luminescence was noted, which was 
visible even in daylight, particularly when the cooling melt 
was stirred. At the time of this experiment we were unable 
to account for the blue luminescence; but it seems now to have 
been an observation on the large scale of the phenomenon 
described by Lenard. 

Since the line spectra and the continuous spectra shown 
by the salts of the alkalines in the Bunsen flame are appar¬ 
ently independent spectra,* there must be at least two reac¬ 
tions involved. The best way of attacking the problem 
as to what the reactions are is to find what conditions are 
favorable to the production of one spectrum rather than the 
other and to cause chemical reactions to take place if possi¬ 
ble, which will duplicate one or the other of the spectra. 
Most of the experiments have been made with sodium salts. 
The natural starting point is the hydrogen-chlorine flame. 

Mitscherlich- showed that when a mixture of sodium 
chloride with considerable ammonium chloride is introduced 
into the Bunsen flame, the yellow color characteristic of 
sodium salts disappears almost completely. He also showed 
that the yellow color is not obtained when sodium chloride 
is introduced into a hydrogen flame burning in chlorine in 
any oxyhydrogen burner. 

Smithells® repeated Mitscherlich’s experiments using an 
oxyhydrogen burner with hydrogen biuming in chlorine and 
with chlorine burning in hydrogen. He states however that 
he was able to obliterate the D lines only once. He consid¬ 
ered that in entire absence of oxygen—in a pure hydrogen- 
chlorine flame—the yellow color would doubtless disappear 
completely. 

In our experiments we have found that the modified 
Gouy sprayer could be used to considerable advantage for 
observing qualitatively the effect of hydrochloric acid on the 

^ Lenard. Drude’s Ann., 17, 208 (1905). 

* Pogg Ann., 116, 304 (1862). 

« Phil. Mag , (5) 32, 245 (1894) 
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spectrum of salts of the alkalies introduced into the Bunsen 
flame burning in air. A concentrated solution of equal parts 
of ammonium chloride and of the salt under consideration 
was put into the sprayer. The flame fed into this mixture 
is colored much less intensely than a flame fed with the same 
concentration of the salt in question with no added ammo¬ 
nium chloride. An excellent lecture experiment is obtained 
by placing two sprayers close together with a dilute solution 
of lithium chloride in one and the same concentration of 
lithium chloride plus a large amount of ammonium chloride 
in the other. The first flame bums enmson and the second 
almost colorless. 

With salts that are quite soluble in concentrated hydro¬ 
chloric acid the sprayer furnishes a very convenient method 
of introducing hydrochloric acid into the flame. The effect 
of the acid may be shown strikingly by using salts of copper.^ 
Into one sprayer is placed a saturated solution of cupric chlor¬ 
ide in water and into the other a saturated solution of cupric 
chloride in concentrated hydrochloric acid. The finst flame 
burns with the very bright grass-green color usually regarded 
as most characteristic of the salts of copper while the second 
shows no green to the unaided eye but is entirely blue. It 
has been shown in a previous paper^ that the green lumines¬ 
cence is due to the change from copper to cuprous ion and the 
blue luminescence to the change from cuprous ion to cupric 
ion or cupric salt. The fact that the color is intense when 
the concentration of the hydrochloric acid is high is an argu¬ 
ment in favor of the color being due in part at least to the change 
to undissociated cupric salt. The reason for the difference 
in the reactions in the two cases is quite simple. The hydro¬ 
chloric acid forces back the dissociation so that practically 
no free copper is formed. If one looks carefully at the blue 
flame, one sees a purplish sheath. This is not really a new 
luminescence though it looks hke one. It is merely the color 
of undissociated cupric chloride vapor. 

^ Bancroft and Weiser: TranvS. Am. Electrochem. Soc., 25, 121 (1914) 

2 Bancroft and Weiser: Jour. Phys. Chem.. x8, 331 (1914). 
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The two methods, just described, for introducing hydro¬ 
chloric acid into the flame are of general application and may 
be used in all cases where a so-called “chloride” spectrum is 
being investigated. 

In their experiments with a hydrogen-chlorine flame 
Mitscherlich, Smithells, and Fredenhagen’ used an oxyhydro- 
gen blast lamp. While such an apparatus is convenient, 
it is not entirely satisfactory for obtaining a pure hydrogen- 
chlorine flame. We found this particularly true for a flame 
of chlorine burning in hydrogen. Two forms of apparatus 
were therefore designed, one for burning hydrogen in chlorine 
and the other for burning chlorine in hydrogen. When burn¬ 
ing hydrogen in chlorine a glass tube 38 cm long and 5-6 cm 
in diameter served as the chlorine compartment in which the 
hydrogen flame burned. It is preferable to have this cylin¬ 
drical tube of thin glass so as to minimize the danger of break¬ 
ing when it is being subjected to more or less localized heat¬ 
ing. In the side of the tube and 6 cm from one end there 
was blown a hole, i cm in diameter; this was closed by a cork 
through which passed a glass rod with a platinum wire sealed 
into the end. By means of this wire salts could be introduced 
into the flame. The ends of the tube were fitted with good 
corks. A piece of hard glass tubing passing through the 
lower cork served to introduce the hydrogen into the chlorine 
chamber. This tube was drawn out to a suitable jet and was 
tipped with platinum foil. The end of the jet was placed 
about one centimeter above the opening in the side of the 
chlorine chamber. Chlorine was brought in by means of 
another glass tube passing through the lower cork near the 
hydrogen tube. To keep the hydrogen flame from being 
fanned by the stream of chlorine, a centrally perforated 
watch-glass having a diameter only slightly less than that 
of the chlorine chamber was passed down over the hydrogen 
tube and held firmly in place horizontally, a few millim eters 
above the cork bottom of the chlorine compartment, by means. 


‘ Drude’s Ann., 20, 133 (1906). 
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of a cork fitting the hydrogen tube and the hole in the watch- 
glass. As the stream of chlorine entered the chlorine cham¬ 
ber, it impinged on the watch-glass and then passed round 
it up into the region of the flame. The hydrogen chloride 
formed by the combustion was led off, together with the ex¬ 
cess of chlorine through a glass tube extending from the up¬ 
per cork to a well-ventilated hood. The hydrogen was made 
in a Kipp generator by the action of hydrochloric acid on zinc; 
chlorine was obtained from a cylinder. Glass connections 
were used throughout. 

The apparatus was .clamped in an upright position to 
an iron stand at such a height that the body of the flame was 
in line with the slit of the spectroscope. The lower stopper 
was removed, the hydrogen lighted at the jet and the flame 
made as low as possible. The stopper was then replaced in 
the tube and a rather rapid stream of chlorine was at once 
allowed to flow into the chlorine chamber. This soon swept 
most of the air out so that very little moisture was formed and 
condensed on the wall of the compartment. After the chlorine 
had been allowed to flow for several minutes more hydrogen 
was run in until a flame of the desired size was obtained. 
The flame burned very smoothly. A bead of the salt to be 
studied was fused to the end of the platinum wire which later 
was bent upward in such a way that the salt bead did not 
stick into the flame but could be made to do so whenever de¬ 
sired by rotating slightly the glass rod into which the wire 
was sealed. 

When using this apparatus there was no danger of cor¬ 
roding the spectroscope since no fumes escaped into the lab¬ 
oratory. When making observations the slit of the spectro¬ 
scope was placed about two millimeters from the glass so that 
the metal should not become heated. A Hilger spectroscope 
with photographic attachment was used in these experiments. 
This was kindly loaned to us by the Department of Physics. 

With lithium or potassium chloride in this hydrogen- 
■dilorine flame, the characteristic lines of the metals were not 
■to be seen with the spectroscope. When sodium chloride 
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was introduced into the edge of the flame, the D lines were 
often obliterated completely for several seconds; but when 
the bead was thrust into the center of the flame where hydro¬ 
gen was in excess, faint flashes of yellow were visible. A 
bead of salt was held in the edge of the flame while a photo¬ 
graphic plate was exposed for several minutes. The D line 
did not appear when the plate was developed. Fredenliagen' 
mentions that the faint, continuous spectrum of the hydrogen- 
chlorine flame appears to be intensified when sodium chloride 
is introduced into this flame. We confirm this .statement. 

An apparatus for burning chlorine in hydrogen must 
provide a simple means of lighting the gas and must exclude 
all air. A large test-tube, 35 cm in length and 5.5 cm in diam¬ 
eter served as the hydrogen compartment in which the jet 
of chlorine burns. I'his tube was fastened vertically with 
the closed end up, while a good cork was fitted into the lower 
end. A small hole was blown in the side of the tube about 
5 cm from the lower end. Through this the bead of salt could 
be introduced into the flame in the same way as in the other 
apparatus. A small oxyhydrogen blast-lamp tube with an 
outer jacket less than a centimeter in diameter served the 
double purpose of furnishing a ready means of lighting the gas 
and of providing a jet at which the chlorine flame burned. 
The stem of the blast lamp was removed from the stand and 
was passed through the cork in the lower end of the test tube, the 
tip being placed one centimeter above the hole in the side of the 
tube. The inner tube of the blast lamp was connected with 
the chlorine cylinder. By means of a Y-tube the hydrogen 
could be made to pass either through the outer tube of the 
blast-lamp or through a small glass tube running through the 
cork and extending along the wall of the hydrogen chamber 
to the top of it. Hydrochloric add and the excess of hydrogen 
were carried off through still another tube at the bottom of 
the hydrogen compartment. This tube was bent up after 
coming out through the cork and was drawn out to a jet at 
which the escaping hydrogen could be burned. 

^ Drude’s Ann., 20, 145 (1906). 
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To start the apparatus the cork was removed, chlorine 
was passed slowly through the inner tube of the blast lamp 
and hydrogen slowly through the outer tube. The mixture 
was lighted, giving a small flame, and the cork holding the 
blast-lamp was fastened securely into the lower end of the 
test-tube. The hydrogen was gradually cut off from the 
outer tube of the blast-lamp and at the same time the tube 
leading to the top of the hydrogen chamber was opened. The 
hydrogen was allowed to flow quite rapidly for several minutes 
and then was lighted at the tip of the exit tube. The chlorine 
flame was then made as large as desired and the supply of 
hydrogen regulated so that there was always sufficient excess 
to keep the flame burning at the tip of the exit tube. In this 
way a steady stream of chlorine was burned in a surrounding 
atmosphere of hydrogen. If desired, the hydrogen may be 
allowed to pass through the outer tube of the blast-lamp con¬ 
tinuously: but. if so, the flame is very narrow, the shape being 
more like that of the oxyhydrogen blast. It was therefore 
found desirable to pass the hydrogen in at the top of the test- 
tube after the flame was once started. Five large Kipp 
generators were connected together in order to ensure an 
excess of hydrogen at all times. 

When potassium chloride was introduced into the flame 
of chlorine burning in hydrogen, the violet color, character¬ 
istic of the Bunsen flame, was lacking entirely; neither the 
blue nor the red line could be seen in the spectro,scope. With 
sodium chloride in the flame, the yellow luminescence was 
very faint but never disappeared completely. In fact we 
were able to get a photograph showing the D lines faintly. 
We thus see that the D lines persist faintly in a hydrogen- 
chlorine flame with hydrogen in excess whereas they can be 
made to disappear completely when chlorine is in excess. 
From the analogous behavior of the copper salts the natural 
assumption to make is that the yellow luminescence, which 
is so strong in the Bunsen flame, is due to a reaction of sodium 
metal, while the blue luminescence, which persists in the 
hydrogen-chlorine flame, is due to the change from sodium 
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ion to undissodated salt. Our own experiments and the ex¬ 
periments of others confirm this h5T)othesis. 

Since both sodium and potassium oxidize very readily in 
the air, it was thought that this reaction might take place 
sufficiently rapid to give a luminescence. The observa¬ 
tions were made in a dark room after the eyes had become 
sufficiently sensitive. When a large piece of potassium was 
cut so as to expose a fresh surface to the air, this surface 
glowed with a bluish light. When sodium was treated in 
the same way, no luminescence could be detected. If, how¬ 
ever, the metal is placed in a glass mortar and is ground so 
that very thin bits are obtained, a faint glow can be seen. 
If a piece of sodium be thrown into water in the dark, it rolls 
round over the surface of the water and a trail of bluish 
luminescence follows it. Wilkinson^ studied the luminescence 
produced when oxygen was passed slowly over metallic sodium. 
So long as the oxidation took place slowly, a blue luminescence 
was obtained. WHhen the oxidation took place rapidly, the 
luminescence gave place to—or was masked by—the bright 
yellow flame so characteristic of sodium. Wilkinson tried a 
similar experiment substituting chlorine for oxygen. “WHien 
a slow current of chlorine is passed over metallic sodium in 
the form of fine wire placed in the combustion tubing, it [the 
sodium] gives quite a bright luminescence and the brightness 
increases with the strength of the chlorine xmtil the sodium 
bursts into flame with the usual color.” A similar result 
was obtained with potasisium. When allowed to bum slowly 
in an atmosphere of chlorine a deep blue luminescence was 
produced that was quite different from the characteristic violet 
color obtained when potassium bums rapidly. Slow combus¬ 
tion in an atmosphere of bromine gave a blue-white lumines¬ 
cence with sodium and a bluish green one with potassium, 
whereas the yellow sodium flame and the violet potassi um 
one were obtained when the combustion was rapid. 

Fredenhagen- considered that the yellow luminescence 

' Jour. Phys. Chem., 13, 691 (1909). 

• Drude’s Ann , 20, 150 (1906). 
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obtained with sodium salts in the Bunsen flame was due to 
the presence of sodium oxide and he attributed the absence 
of the yellow luminescence when sodium chloride was fed into 
the hydrogen-chlorine flame to the absence of sodium oxide. 
If this were true, then sodium burning in pure chlorine should 
not give a yellow luminescence even when burning rapidly. 
We have tested this in as careful a manner as possible. A 
piece of metallic sodium about 3 cm long and 5 mm square 
was cut from the inside of a large piece of the metal. A stream 
of hydrogen was directed against the sodium while it was being 
cut, so that the small piece was obtained with as little oxida¬ 
tion as possible. The sodium was then placed in a small, 
bright, iron boat and the latter brought to the end of a hori¬ 
zontal piece of combustion tubing through which a rapid 
stream of dried hydrogen was passing. While thus in the 
atmosphere of hydrogen, the metal was scraped to remove 
any oxide and then the boat was pushed way into the tube. 
The stream of hydrogen was then replaced by a rapid stream 
of chlorine. The sodium glowed with a blue luminescence 
for a moment and then the bright yellow flame appeared. 
This simple experiment is fairly conclusive that the yellow 
luminescence is obtained when sodium burns sufiiciently 
rapid in chlorine. Of course one cannot deny the presence 
of oxygen in some form because Wanklyn* showed that sodium 
may be melted in perfectly dry chlorine without any combus¬ 
tion taking place, the surface of the molten metal remaining 
bright and lustrous. A trace of water vapor is sufficient to 
make the reaction take place rapidly. In view of the intense 
color obtained when sodium bums in chlorine, it seems hardly 
probable that the flame is due solely to the formation of sodium 
oxide, especially since a perfectly satisfactory explanation 
is available for the faintness of the yellow luminescence in 
the hydrogen-chlorine flame. 

Wiedemann and Schmidt® decided that the luminescence 
produced by the action of cathode rays on salts was due 

' Jour. Chem. Soc., 43, 153 (1885). 

• Wied. Ann., 54, 662; $ 6 , 203 (1895); 64 , 78 (1908). 
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either to the decomposition of the salts or to the recombina¬ 
tion of the decomposition products. It was shown by Wilkin¬ 
son' that, in almost all cases, the luminescence was due to the 
recombination and not to dissociation. When sodium chlor¬ 
ide or bromide is exposed to cathode rays, the luminescence 
is bluish and there is no sign of a yellow luminescence. With 
potassium chloride or bromide the luminescence is blue and 
with the iodide it tends towards the green. When cathode 
rays act for a considerable time on the alkaline halides, a 
colored mass is obtained. Wiedemann and Schmidt were 
inclined to consider the color as due to a sub-salt; but it now 
seems probable that we have colloidal metal dispersed in the 
salt.'* When cathode rays act on sodium chloride, it seems 
certain that the salt is decomposed to a certain extent into 
sodium and chlorine, these decomposition products reacting 
slowly and producing the blue luminescence. If some chlorine 
escapes as gas, the free metalUc sodium in excess colors the 
salt. A further proof of decomposition and slow recombina¬ 
tion is the fact that salts which have been exposed to cathode 
rays can be made luminescent temporarily by heating. The 
heating serves to increase the rate of recombination and conse¬ 
quently the intensity of the light emitted. The color of the 
light emitted is identical with the fluorescence produced when 
cathode rays are acting on the salts.* 

Anode or canal rays likewise cause some salts to lumin¬ 
esce. The canal rays arc more violent in their action than 
the cathode rays and it is therefore not surprising that diflfer- 
ent reactions may predominate and that different lumines¬ 
cences may occur. Both Arnold^ and' Schmidt* foxmd that 
sodium salts emitted a reddish yellow light when exposed to 
canal rays, the D lines being plainly visible when the light 
was examined spectroscopically. Schmidt noticed that the 


* Jour. Phys Chem., 13, 691 (1909). 
'Zsigmondy; KoUoidchemic, 29 (1912). 

® Famau; Jour. Phys. Chein., 17, 644 (1913). 

* Wied. Ann., 61, 326 (1897). 

‘ Crude’s Ann., 9, 703 (1902). 
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action of the canal rays first gave rise to the bluish lumines¬ 
cence characteristic of cathode rays; but this was soon replaced 
by the yellow luminescence. After the exposure to canal 
rays, heating causes a bluish thermoluminescence, which 
is exactly what ought to happen. 

J. J. Thomson^ has made a striking observation of the 
relative effects of cathode and anode rays on lithium chlor¬ 
ide. The salt was subjected alternately to the action of 
anode and cathode rays in the same tube. The anode rays 
produced a bright red luminescence showing the character¬ 
istic lithium line, while tlie cathode ray luminescence was 
steely blue giving a faint continuous spectrum. 

Bandrowski^ found that luminescence was obtained when 
certain salts were precipitated rapidly from solution. This 
work was confirmed and extended by Famau.® A bluish 
white luminescence was obtained with sodium chloride and 
a greenish white with potasvsium chloride. We have repeated 
these experiments on a large scale using hydrochloric acid 
as precipitating agent. As much as 500 cc of a saturated 
salt solution were used in a single experiment. Under these 
conditions the luminescence was relatively quite bright. 
The glow became visible shortly after the addition of the 
hydrochloric acid. It was faint at first but increased grad¬ 
ually in brightness up to a maximum intensity, then fading 
away gradually until it was no longer visible. The glow 
lasted for several seconds. With sodium chloride the glow 
was a bluish white color and less blue than we had hoped 
to find it. This difference is probably due to the white color 
of the precipitated salt, for the intensity of the light was 
quite sufficient to make the white salt dimly visible and thus 
change the apparent color of the luminescence from blue 
to bluish white. All of the reactions giving the blue lumin¬ 
escence involve the change from sodium ion to imdissociated 

' Conductivity of Electricity through Gases, 2nd Ed,, 646 (1902), 

* Zeit. phys. Chem., 15, 325 (1894). 

® Jour. Phys. Chem., 17, 649 (1913)* 
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salt or else the slow burning of sodium. If we postulate 
that the formation of sodium ion is an intermediate step in the 
slow burning, of sodium, we see that the blue luminescence 
is due to the change from sodium ion to undissociated sodium 
salt while the yellow luminescence is due to some stage in the 
change from sodium metal (perhaps as vapor) to sodium ion. 
This is the same conclusion that was drawn from the analogy 
between the sodium flames and the copper flames. 

It may be well to run over the special cases briefly, 
taking the blue luminescence first. Apparently the only' 
reaction possible in the case of the fused salt is the change 
from dissociated to undissociated salt. When sodium chloride 
is precipitated from aqueous solution, the change is from dis¬ 
sociated salt to undissodated solid salt. When soditun chlor¬ 
ide is introduced into a flame of hydrogen binning in chlorine, 
the temperature of the flame is high enough to cause disso- 
dation of the salt into sodium metal and chlorine; but this 
dissociation is cut down by the chlorine and the hydrochloric 
acid just as in the case of the copper salt and we get dissocia¬ 
tion to sodium ion. Some dissodation to sodium must take 
place because we get some yellow with a chlorine flame burn¬ 
ing in hydrogen, where the chlorine is not in excess. Owing 
to the extreme sensitiveness of the sodium reaction it is proba¬ 
ble that the dissociation to sodium is very small in the hydro¬ 
gen-chlorine flame. 

If the burning of sodium involves the formation of sodium 
ion as intermediate product, it is easy to see why we get the 
blue luminescence when sodium bums in chlorine and oxygen 
or when sodium chloride is exposed to cathode rays. It is 
not so obvious why we do not always get the yellow lumin¬ 
escence since we start from sodium in each case. It seems 
to be a question of relative reactions. It has been shown* 
that all reactions tend to emit light and that they do emit 
light if the reaction vdocity is high enough. The intensity 

> Trautz. Zeit. phys. Chem, 5*, i (1905); Bancroft; Intemat. Congress 
Applied Chemistry, New York, 20, 25, 37 (1912). 
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of the light increases with the reaction velocity while the 
quality of the light is independent of it. The critical reac¬ 
tion velocity at which a reaction emits light visible to the eye 
varies enormously from reaction to reaction. To account 
for the phenomena we have only to postulate that the re¬ 
action from ion to undissociated salt is the only one to emit 
light at low reaction velocities while the reaction which gives 
the yellow luminescence becomes the predominant one when 
the reaction velocity increases. We therefore get the blue 
•luminescence with slow combustion, either directly, or indi¬ 
rectly as the result of the cathode rays. 

The more violent action of the anode rays gives us the 
yellow luminescence, which we also get during the rapid 
combustion of sodium, either directly or indirectly, as a re¬ 
sult of dissociation in the Bunsen flame. Since sodium vapor 
is itself colored, there will undoubtedly be a thermal lumin¬ 
escence just as there is with heated iodine.* This would ac¬ 
count for part of the luminescence observed in the Bunsen 
flame and this luminescence would have to be substracted 
before one could determine quantitatively the luminescence 
due to the chemical reaction. It is quite possible that the 
concentration of sodium vapor in the Bunsen flame is so small 
that the thermal luminescence due to this is negligible; but 
only a quantitative study would settle that point. 

Since Lenard** has shown that there are several sodium 
spectra and since the experiments of Wood and Galt® on the 
fluorescence of sodium vapor confirm this, it is not safe to 
say that the change from electrically neutral sodium vapor 
to sodium ion is the reaction causing the yellow light which 
we ordinarily associate with sodium. AH that we can do as 
yet is to say that the yellow light is due to some stage in the 
change from electrically neutral sodium vapor to sodium 
ion, leaving it undecided as to how many stages there are. 


^ Bancroft and Weiser: Jour. Phys. Chem., i8, 302 (1914). 

* Drude's Ann., ii, 636 (1903). 

* Astrophys. Jour. 33, 72 (1911). 
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The conclusions in regard to sodium flames apply of 
course to potassium and lithium flames equally well. The 
so-called chloride spectra of barium, strontium, and calcium 
must of course be analogous to the blue luminescence of 
sodium, though we have only made preliminary experiments 
on these. The conclusions as to the sources of the line spec¬ 
tra and the continuous spectra of the alkali metals are in agree¬ 
ment with Lenard’s experiments on electrical migration. 
With lithium salts Lenard' showed that the sources of emis¬ 
sion of the line spectrum did not move under electrical stress 
and were therefore electrically neutral, which is what one 
would expect if the reacting substance is electrically neutral 
lithium vapor. On the other hand, the sources of emission 
of the continuous spectrum moved to the cathode and were 
therefore charged positively. We have shown that the re¬ 
acting substance is the positively charged ion. 

The general results of this paper are as follows: 

1. A simple and easily constructed modification of the 
Gouy sprayer has been described. 

2. An apparatus has been constructed for burning hy¬ 
drogen in chlorine and another for burning chlorine in hydro¬ 
gen. 

3. Salts of lithium, potassium, and sodium give two dis¬ 
tinct spectra in the Bunsen flame. One is a continuous 
spectrum and the other a line spectrum. 

4. The introduction of hydrochloric acid into the Bunsen 
flame cuts down the intensity of the line spectra of the alkali 
metals. With the flame of hydrogen burning in a surround- 
ing atmosphere of chlorine the line spectra disappear com¬ 
pletely. The D lines are obtained faintly when sodium 
chloride is introduced into a flame of chlorine burning in a sur¬ 
rounding atmosphere of hydrogen. 

5. The blue luminescence of sodium is obtained without 
the yellow luminescence: when sodium salts are introduced 
into a flame of hydrogen burning in chlorine; when metallic 


Drude’s Ann , 17, 223 (1905j. 
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sodium burns slowly in oxygen, chlorine, or bromine; when 
a sodium salt is fused; when cathode rays act on sodium 
chloride; when anode rays first act on sodium chloride; when 
one heats the colored residue obtained by the action of anode 
rays or cathode rays on sodium chloride; when sodium chloride 
is precipitated rapidly from aqueous solution with hydro¬ 
chloric acid or alcohol. 

6. The yellow luminescence of sodium is obtained, ac¬ 
companied by the fainter blue luminescence: when a sodium 
salt is introduced into the Bunsen flame; when sodium bums 
rapidly in oxygen, chlorine, or bromine; when canal rays 
act on sodium chloride. It is claimed that the yellow lumin- 
e,scence is obtained when sodium vapor is heated; but it is 
very difficult to be certain that no burning takes place under 
these conditions. 

7. The blue luminescence of sodium is due to the reac¬ 
tion from sodium ion to undissociated sodium salt. 

8. The yellow luminescence is due to some stage in the 
reaction from sodium vapor to sodium ion. Until we can 
account for all the sodium spectra, it is unsafe to try to specify 
the reaction more closely. 

9. Since sodium vapor is colored, it will give a thermal 
luminescence and this must of course be taken into account. 
It is not known whether the concentration of the sodium 
vapor in the Bunsen flame is sufficiently high to make the 
purely themial luminescence an important factor or not. In 
so far as solid sodium salts may be present in the Bunsen 
flame there will theoretically be thermal luminescence due to 
them. 

10. To account for the absence of the yellow lumines¬ 
cence when sodium btu*ns slowly, we postulate that the light 
intensity for this reaction is very shght when the reaction 
velocity is low. 

11. The diminished intensity of .the line spectra in the 
hydrogen-chlorine flame, or in the Btmsen flame to which 
hydrochloric acid has been added, is due to the forcing back 
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of the dissociation of the salts. The salts dissociate to ions 
and only slightly or not at all to free metal. 

12. Since- the reacting substance is the electrically neu¬ 
tral vapor of the metal in the case of the line spectrum, there 
is no migration under electrical stress. Since the reacting 
substance is the positively charged ion of the metal in the 
case of the continuous spectrum, there is a migration to the 
cathode under electrical stress, as found by Lenard. 

Cornell University 



HYDROUS CHROMIC OXIDE 


BY C. F. NAGEL, JR. 

Btmce and Finch^ have described a number of conditions 
under which chromic oxide jeUies can be obtained. They ob¬ 
tained a good jelly by adding caustic potash to a potassium 
chrome alum; but were not able to get one by adding caustic 
potash to a chromic sulphate solution. The most plausible 
explanation of the difference was that the sulphate concentra¬ 
tion was not high enough in the second case to permit of a 
good jelly being formed. They say: “The time at our dis¬ 
posal did not permit us to test within what ratios of potassium 
sulphate to chromium sulphate it was possible to get a jelly on 
adding caustic potash, nor have we made any experiments 
to see whether these jellies behave as do the jellies made with 
acetate, when subjected to heating, freezing, acids, etc. We 
did try one experiment with a solution of one part sulphate 
in ten of water. On adding KOH a precipitate formed at 
first; but this dissolved in an excess of caustic potash yield¬ 
ing a clear green solution. After standing for several hours 
this solution began to get viscous; the next day it was very 
viscous. While the solution did not set to a jelly, it showed a 
decided tendency to do so and we think that it may be possi¬ 
ble to cause a chromic sulphate solution to form a jelly simply 
by adding caustic potash.” 

At the suggestion of Professor Bancroft I undertook to 
find out what relative amounts of potassium sulphate were 
necessary to give a good jelly. As a preliminary I repeated 
the work of Bunce and Finch using chrome alum (1:9) and 
KOH (1:1) since these concentrations were said to give the 
best results. While I confirmed the results of Bunce and 
Finch, I found that their directions were not sufficiently 
explicit to enable one to repeat their experiments the first 
time. In order to get a good jelly it is essential to avoid an 


Joun Phys. Chem., 17, 769 ^1913). 
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undue excess of caustic potash, and the amount of potash 
necessary to dissolve or peptonize the pale green precipitate 
varies with the way in which the potash is added. If the 
KOH is added very slowly with frequent and vigorous shak¬ 
ing, a large excess can be run in without dissolving the pre¬ 
cipitate satisfactorily. The pale green color persists and the 
solution remains thick. If allowed to stand, this solution 
sets to a kind of jelly but the pale opaque green color remains. 
If KOH is added in considerable excess, the clear green color, 
mentioned by Bunce and Finch, is obtained together with a 
precipitation of potassium sulphate; but this type of solution 
would not jell even after standing several days. The solu¬ 
tions giving the best and firmest jellies had a green color 
though of a lighter shade than that produced with excess of 
KOH. The best results were obtained by adding quickly 
about lo percent by volume of KOH solution and shaking 
just sufficiently to cause the precipitate to disappear. Suffi¬ 
cient KOH has been added if the pale green color just dis¬ 
appears. A slight excess is permissible but the greater the 
excess of KOH the longer the jelly takes to form. As has 
been stated, too great an excess prevents the formation of the 
jelly absolutely. When the solution is in proper condition 
to jell, the color of the solution is a trifle darker than a grass- 
green and is somewhat cloudy. 

Chrome alum and chromic sulphate solutions were mixed 
in such proportions that the chromic sulphate content re¬ 
mained practically constant, while the potassium sulphate 
content varied. The chrome alum solution contained about 
135 grams per liter, the chromic sulphate solution about 
20 g Crs (804)3 per liter, while the KOH solutiom was 1:1. 
The data are given in Table I. 

Good jellies were thus obtained with all the relative 
concentrations of K2SO4, which made it seem doubtful whether 
the alum was needed at all. Experiments were therefore 
made with solutions containing about 34 g Cr2(S04)3 per liter 
and KOH, 1:1. Good jellies were obtained using 50 cc of 
the sulphate solution and 10-ii oc KOH. It seems probable 
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that the failure of Bunce and Pinch to obtain a jelly was due 
to adding too much caustic potash. After the jellies had 
stood for a few days in an open beaker the potassium sulphate 
began to crystallize. When kept in a closed bottle, the 
jelly contracted, leaving a colorless supernatant liquid layer. 


Table I 


Ratio 

Alum 

cc 

1 ' " 1 

I Sulphate i 

1 cc I 

KOH 

cc 

Result in 20 hours 

I ; I 

91 

1 i 

30 1 

4-5 

good jelly 

I : I 

91 

30 1 

6.5 

no jelly (excess KOH) 

I •* 3 

4-35 

1 43 1 

4.0 

good jelly 

I * 3 

4-55 

' 45 

3-5 

good jelly 

I : 5 

30 

50 

3-3 

good jelly 

I • 5 

3.0 

50 1 

3*3 1 

good jelly 

I : 7 

2.1 

1 49 

3-7 

good jelly 

I • 7 

2.1 

49 : 

3-5 ' 

good jelly 

1 : 9 

1.8 

54 j 

3-7 1 

good jelly 

1 : 9 

1.8 

54 

3 9 

good jelly 


Northcote and Church' have recorded some interesting 
facts in regard to hydrous chromic oxide. “The influence 
of the association of sesquioxide of chromium with metallic 
oxides, which by themselves are insoluble in solution of caus¬ 
tic potash, is well known; the insoluble oxides being in some 
cases rendered soluble when thus associated, while in the 
other cases, they communicate their insolubility to the other¬ 
wise soluble oxide of chromium. The object of the inquiry 
instituted with reference to these results was to ascertain 
the exact conditions under which complete solution or pre¬ 
cipitation of the associated oxides occurs. It was found 
that complete solution takes place when the chromium as 
sesquioxide is associated with 40 percent of iron as sesqui¬ 
oxide; with 12.5 percent of manganese, 20 percent of cobalt, 
or 25 percent of nickel as protoxides; and that complete pre¬ 
cipitation takes place when the chromium as sesquioxide is as¬ 
sociated with 80 percent of iron [as sesquioxide], 60 percent 


* Jour. Chem. Soc., 6, 54 (1854). 
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of manganese, 50 percent of cobalt, or 50 percent of nickel 
as protoxide. When cobalt and nickel, however, are thus 
rendered soluble, the result is not permanent; and ultimately, 
not only does the oxide of cobalt or nickel become insoluble 
but it carries down with it some of the oxide of chromium. 
The other metallic oxides soluble in caustic potash were not 
found to be influenced in their relations with caustic potash 
by the presence of sesquioxide of iron, or to exert any influ¬ 
ence upon that oxide.” 

Knecht, Rawson and Toewenthal' say: “Chromic hy¬ 
droxide in its alkaline solution has the curious property of 
dissolving other metallic oxides, such as the ferric and the 
cupric oxides. Ferric oxide dissolves readily, and the brown 
solution remains clear for weeks without any precipitate 
forming. The alkaline solution of chromic and cupric oxide 
is blue; on heating to incipient boiling, red cuprous oxide is 
precipitated and sodium chromate formed.” 

Roscoe and Schorlemmer® say: “Like alumina, chromic 
oxide acts as an acidic oxide towards strong bases, yielding 
salts termed the chromites. Thus a green compound of 
chromic oxide with an alkali is thrown down on the addition 
of potash or soda to a solution of a chromic salt, and the alkali 
cannot be removed even by boiling water. This precipitate 
is, however, easily soluble in an excess of the precipitant, 
but can be thrown down either by partial neutralization 
with acids or by boiling the solution. When caustic soda is 
added to a solution of a chromic salt and a salt of magnesium, 
a precipitate is obtained of a compound of magnesia and 
chromic oxide which does not dissolve in an excess of alkali.” 

Although there was no reason to question the accuracy 
of any of these experimental data it seemed desirable to check 
at least one set qualitatively. Stock solutions of ferric chlor¬ 
ide and chromic sulphate were mixed in varying proportions 
and then an excess of KOII (about i : 10) added. The re¬ 
sults are given in Table II; 

^ A Manuel of Dyeing, i, 241 (it) 10). 

2 Treatise on Chemistry, 2, jckxj (1907), 
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Table II 


. 

13 

“ 

Cr.{S04).; 
cc 

Remarks 

10 

50 , 

Solution clear green; no precipitate 

lO 

30 

Solution less green; slight precipitate 

20 

1 20 1 

Solution brown green; more precipitate 

30 

i 10 

Solution brown green; still more precipitate 

60 

1 10 

Solution paler; precipitate brown 

80 ! 

10 

Solution nearly colorless; precipitate brown 

150 i 

’ 5 

Solution like pure water; precipitate brown 


In the first experiment the iron has all been dissolved 
or peptonized and in the last experiment the chromium has 
all been carried down by the iron. These experiments are 
admirably adapted for lecture experiments, though it would 
probably be better to use chromic chloride or to substitute 
caustic soda for caustic potash to do away with any possi¬ 
bility of potassium sulphate crystallizing. Since Grimaux’ 
has shown that, when potassium hydroxide is added to a mix¬ 
ture of glycerine and ferric chloride, a colloidal solution of 
hydrous ferric oxide is formed, the last three experiments 
in Table II were repeated after adding 10 cc glycerine to each 
mixture before treating with alkali. In all three cases a red¬ 
dish brown solution was obtained and no precipitate. Mag¬ 
nesium hydroxide was found not to precipitate in presence 
of an excess of chromic salt when caustic soda was added. 

The explanation of the phenomena is now fairly simple. 
Fischer and Herz^ have shown that the apparent dissolving 
of hydrous chromic oxide in caustic alkali is really a peptoniza¬ 
tion, all or nearly all of the chromic oxide being present as 
a second phase in colloidal solution. Hydrous ferric oxide 
is not peptonized or dissolved by caustic alkali. Hydrous 
chromic oxide and hydrous ferric oxide each adsorb the other. 
Consequently the iron is trying to take the chromium out 
of the liquid phase, while the chromium is trying to carry 


‘ Comptes rendus. 98, 1485 (1884). 
“ Zeit. anorg. Chem., 31, 352 (1902. 
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adsorbed iron into colloidal solution. When the chromium 
is in excess all the iron is peptonized; when the iron is in ex¬ 
cess none of the chromium is peptonized. This can be shown 
in another way by precipitating the oxides separately. A 
considerable quantity of ferric chloride was precipitated 
with alWali and washed a couple of times by decantation. 
The hydrous ferric oxide thus obtained was shaken with a 
small amount of a green solution of chromic oxide peptonized 
by alkali. The green solution became colorless owing to 
the chromium oxide being adsorbed completely by the iron 
oxide. 

Prud’homme^ has shown that chromic oxide dissolves 
in ammonia when a salt of copper is added and cupric oxide 
dissolves in caustic potash if a salt of chromium be present. 
The case of the cupric oxide in caustic potash is the same 
as that of the ferric oxide. The cupric oxide is adsorbed 
by the peptonized chromium oxide. If we are going to fol¬ 
low out the analogy, we ought to conclude that the apparent 
solubility of chromium oxide in ammonia is due to the ad¬ 
sorption of chromic oxide by peptonized cupric oxide, which 
would be very interesting indeed. This does not necessarily 
follow however becau.se hydrous chromium oxide dissolves 
in ammonia when sufficient sodium, acetate is present and 
sodium acetate is certainly in true solution. The matter is 
nevertheless interesting enough to warrant further study 
and I hope before long to be able to report on this point and 
also on the question to what extent the apparent solubility 
of oxides of the heavy metals in alkaline sugar solutions, 
etc., is or is not a case of peptonization. 

1. Hydrous chromic oxide is peptonized by caustic 
alkali. It can adsorb the hydrous oxides of iron, manganese, 
cobalt, nickel, copper, and magnesium to some extent with¬ 
out coagulation. It thus carries these oxides into colloidal 
solution. 

2. The hydrous oxides of iron, manganese, cobalt, nickel. 


' Bull. soc. chim. Paris, (2) 17, 253 (1872). 
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copper, and magnesium adsorb chromium oxide and there¬ 
fore tend to take it out of colloidal solution in alkali. When 
these hydrous oxides are present in sufficient amount, they 
decolorize practically completely a green solution of chromic 
oxide peptonized by alkali. 

3. In presence of glycerine hydrous iron oxide is pep¬ 
tonized by alkali and consequently does not tend to carry 
down the chromium oxide. 

4. In presence of a copper salt hydrous chromium oxide 
is peptonized by ammonia; but it is not yet known whether 
this means that an ammoniacal copper oxide solution is a 
colloidal solution or not. 

5. The question has been raised to what extent we are 
dealing with colloidal solutions when hydrous oxides of the 
heavy metals appear to dissolve in alkaline sugar solutions, 
etc. 

6. A good jelly can be obtained by adding caustic potash 
to a chromic sulphate solution; but the alkali must be added 
quickly and not in great excess. 

Cornell UniversUy 



THE DIELECTRIC CONSTANT OF LIQUID HYDRO¬ 
GEN IODIDE 


BY HERMAN SCHLUNDT AND JULIUS UNDERWOOD 

In 1909 Schaefer and Schltmdt* reported the following 
values for the dielectric capacity of liquid hydrogen iodide: 
2.90 at 22°, 2.88 at —50°, and 3.95 at —70° for the solid. 
The greater value of the solid as weU as the zero temperature 
coefficient of the liquid are exceptional, and therefore cast 
doubt upon the above values.® We have now made another 
series of measurements with the Drude-Schmidt apparatus 
formerly used, and have obtained values that are in accord 
with the general variations in dielectric capacity with tem¬ 
perature and condition. The following values were obtained: 
2.65 at 19°, 3.61 at —50°, and 3.05 for the solid at —70°. 
These values represent the average of three determinations 
in cells of somewhat different electric capacities. It is seen 
that the dielectric constant increases with lowering of tempera¬ 
ture by approximately 0.5 percent per degree and that the 
solid has a lower value than the liquid. 

The samples of hydrogen iodide used for the measure¬ 
ments were nearly colorless, and had been redistilled in vacuo. 

To reduce the possible displacement of the electrodes 
of the cells as a result of volume changes that accompany 
solidification and fusion, new cells with heavier platinum 
wires were used. After all we are still somewhat doubtful 
about the accuracy of the value found for hydrogen iodide 
in the solid state. 

Chemical Laboratory 
UniverUty of Missouri 


^ Jour. Phys Chem. 13,669 {1909). 

2 Kraus and Bray: Jour. Am. Chem. Soc. 35, 1420 (1913). 
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The Chemistry of the Radio-Elements. By Frederick Soddy. Second 
Edition, Part I; First Edition Part II; Two Parts in One Volume. 22 X 14 cm; 
pp. V -f 1$! -f 46. New York: Longmans, Green Co., igiS- Price: $1.75 
net. —The first edition of Part I was reviewed in 1912 (16, 341) and the first edi 
tion of Part II in 1914 fi8, 695), The present volume consists of a new' edition 
of Part I bound with the first edition of Part II. 

In the preface to the new edition of Part I, the author says: *‘In 1914 a 
new edition of Part 1 being called for, the present volume was written The 
whole subject can now be presented much more clearly and completely than in 
1911, and in consequence Part 1 has had to be largely rewritten from the new' 
point of view. But while the general mode of presentation has been much 
modified the ground already covered in detail in Part II has been, as far as pos¬ 
sible, avoided m the present volume, which concerns itself rather with the prac¬ 
tical consequences than with the theoretical significance of the new generaliza¬ 
tions 

“In addition, much new matter has been added, especially in connection 
with the X-rays and recent electro- and colloido-chemical researches on the 
radio-elements. Some of the topics but briefly dealt wdth before have been 
considerably amplified, and many new members of the disintegration senes, 
unknown in 1911, have had to be included. There is reason to hope that some¬ 
thing approaching completeness has now' been attained with regard to these 
numerous and involved successive products, and though much remains to be 
done, it is unlikely that many more will be discovered.” 

The subject is presented under the headings: general description of radio¬ 
activity; radioactive constants, periods of average life, and radioactive equilib¬ 
rium; enumeration and nomenclature of the radio-elements—preliminary de¬ 
scription of the disintegration series; physical methods of separation; the chem¬ 
ical character of the radio-elements; adsorption, electro- and colloido-chemistry 
of radio-elements; systematic description of the radio-elements. 

There is a very interesting account, p 14, of the chemical action of the rays. 

“In addition to the photographic effect, the rays produce many other 
chemical actions. The most notable is the decomposition of water, which ren¬ 
ders it dangerous to seal up radium or other highly radioactive preparations, either 
in solution, or in an imperfectly dried condition for indefinite periods, owing 
to the possibility of the vessel bursting and the contents being scattered. For 
pure radium salts dissolved in water, under w'hich condition the a-rays are 
operative, the amount of hydrogen and oxygen evolved is some 15 cc per day 
per gram of radium. Much tJie same rate Would be initially produced from the 
emanation dissolved in water When the and a-rays only are operative, 
as when the radium or the emanation is contained in a sealed glass tube im¬ 
mersed in water, the evolution of gas is 0.115 cc per day per gram of radium, 
and it consists of pure hydrogen, hydrogen peroxide being also formed, in ac¬ 
cordance with the equation: 

2H2O « Ha02 “f H2 — 90,000 calories 
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‘‘This may account for the fact that in the mixed gases evolved from a 
solution of radium, the hydrogen is always in slight excess. If the rays from the 
emanation act on.water vapor this excess of hydrogen attains 50 percent by 
volume. Whereas for ice at —180® there is no excess of hydrogen, but the amount 
of decomposition is only 5 percent of that which would be produced in liquid 
water. Conversely, when hydrogen and oxygen, in presence of phosphorus 
pentoxide, are exposed to the rays, the gases combine to form water. 

“ The same type of reversible reactions occurs with most other gases. Am¬ 
monia is rapidly decomposed, whereas a mixture of hydrogen and nitrogen, 
in presence of a reagent that absorbs ammonia, contracts in volume. Carbon 
dioxide is decomposed into carbon monoxide, carbon, and oxygen, whereas car¬ 
bon monoxide forms carbon dioxide, carbon, and oxygen. Nitrogen, in pres¬ 
ence of oxygen, is oxidized. If air, containing emanation, is stored over mer¬ 
cury, nitrous oxide will be found to be formed No doubt the formation of com¬ 
bined nitrogen from the air, hitherto attributed to silent electric discharges, 
is largely due to the radium emanation and other radioactive products invaria¬ 
bly present in minute amount in tlie air. 

“The general chemical action of the rays seems to be of the nature of a shat¬ 
tering of the molecule and the transient formation of free atoms, Which, as in 
the so-called nascent state, readily recombine and enter into new combina¬ 
tions, which the same elements in the molecular condition are unable to effect. 
It w^ould appear also, at least as a first approximation, that an extension of Fara¬ 
day’s law of liquid electrolysis controls the action of these rays on the quantita¬ 
tive side The rays in the gas produce a certain amount of ionization. If this 
amount be expressed in faradays, it wdll be found to be of the same order as the 
amount of chemical action expressed in moles. Thus, in the decomimsition 
of liquid water, for example, the number of molecules decomposed is approx¬ 
imately the same as the number of pairs of ions formed when the rays traverse 
a gas This holds even more accurately when the gas in question is w\ater vapor 
or electrolytic gas rather than air The numbers of ions produced in various 
gases by the same rays are not very different, varying over a range of from i 
to f 3. 

“Other chemical actions of the rays which have been studied are the de 
composition of hydrogen peroxide, the liberation of iodine from iodides of the 
alkali-metals, especially in acid solution, the reduction of silver nitrate solution 
to metallic silver, the oxidation of organic acids, such as acetic acid, and 
of ethyl alcohol to acetaldehyde and acetic acid, the inversion of sterilized solu¬ 
tions of cane sugar and many others. Many of these changes arc produced 
by ultra violet light, and it must be remembered that the quantities of material 
decomposed by the radium rays is always relatively very small. 

“Lastly, the coloring action ol the rays on common glass and on many gems 
may be referred to Ordinary soft laboratory glass is colored usually a purple 
tint, Init sometimes brown according to its composition. Hard glas.sevS are 
colored brown Diamonds of the purest water are probably not colored (Beilby), 
but ordinary stones frequently assume more or less brilliant colors, in one remark¬ 
able case, observed by Sir William Cnxikes, a very fine green being developed. 
Pure silica is rapidly disintegrated under the rays, and for this reason should 
not be used to contain radium preparations permanently. Probably owing 
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to the formation of nitric acid from the air, paper and fabrics in which radio¬ 
active preparations are wrapped are reduced to powder in the course of time, 
even when the radium is in sealed glass tubes.” 

In the chapter on the chemical character of the radioactive elements, p. 
43, the first section is worth quoting in full 

”It has always been a matter for surprise, not to say scepticism, that it 
should be possible to investigate the chemical character of the evanescent prod¬ 
ucts of radioactive changes, few of which are, or ever can be, studied in weigh- 
able or spectroscopically detectable quantities, and only one of which, radium, 
has been obtained pure in quantities sufficient for an ordinary atomic weight 
determination Nevertheless the complete chemical character of the successive 
])roducts has been steadily unravelled, and very simple and surprising general 
l)riiiciples have been found to underlie the whole subject, wdiich have notably 
enlarged our conceptions of elements in general 

“l^ppermost in the mind of any one approaching the subject from the point 
of view of chemistry is the question as to how far such knowledge as can be ac¬ 
quired of the chemical i^roperties of these short-lived radio-elements can be ac¬ 
cepted literally, and used as a basis of classification of the radio-elements in the 
same vray as the common elements have been classified in the Periodic Law, for 
example. It may be irrged that although an infinitesimal quantity of ionium, 
to take one case, behaves, when mixed with a relatively enormous excess of 
thorium, like the element thorium itself in all respects, the chemical nature of 
ionium, if it were possible to prepare it free from thorium, might be quite differ¬ 
ent 

“The vague idea that infinitesimal amounts of radioactive matter may 
possess a chameleon-like nature, reflecting the properties of the substances w’ith 
which they are mixed rather than their own, is not justified. The properties of 
the radio-elements, and with certain reservations with regard to adsorption, 
their behavior under any defined set of conditions, is at least as definite as those 
of the common elements The statement that ionium cannot be separated 
from thorium, and many similar ones to be detailed in the sequel, is tantamount 
to saying that these radio-elements can be separated com]>letely from all the 
other elements differing in chemical reactions from the one specified Admit¬ 
tedly many have not, and, probably, never will be separated from the element 
they most revscmblc But it is inconceivable that a radio-element when pure 
might possess chemical proi^erties, allied most closely to those of, say, lanthanum, 
and be capable of being separated from lanthanum but not from, say, thorium 
out of a mixture containing both of these elements. 

“In the first place, we must define more clearly the term “]mre” in connec¬ 
tion with the radio-element. First, there is the usual sense conveyed by the 
words “chemically pure,” denoting an ideal rather than an attainable condition, 
be it with radio-elements or any other, a sense tliat may be rightly used, possi¬ 
bly, for radium preparations, such as those on which atomic weight estimations 
have been made. Secondly, there is the sense of “radioactively” pure, meaning 
that the substance is free from all other radioactive substances, though mixed 
with a possibly minute, but nevertheless overwhelming absolute preponderance 
of inactive matter. Lastly, there is another and very important sense, which 
may conveniently be termed “radio-chemically ” pure, in which the radio-ele- 
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ment, though mixed, possibly, with any quantity of inactive matter of totally 
different chemical nature to act as a vehicle for its transport, is yet free from sub¬ 
stances chemically analogous to, or identical with itself. Such is frequently 
the condition of short-lived products repeatedly separated from their parents, 
and of those prepared as active deposits or by recoil and analogous methods. 

“As the methods of detection and measurement are based wholly on radio¬ 
active phenomena, the presence of inactive matter does not necessarily inter¬ 
fere apart from secondary considerations involved in the absorption of the rays 
therein and the weakening of the activity on that account. A simple example 
will perhaps make this clearer. The properties of the radium emanation by which 
it is studied are not shown by atiy common gas, and it is a matter of indifference 
with what gas it may be mixed. By passing it through various absorbents, in 
each case in presence of sufficient of another gas, not adsorbed by the reagent, 
to serve as a vehicle to transport it, it is a simple matter to prove that the emana¬ 
tion is not absorbed by any known reagent, and that it is, therefore, a new mem¬ 
ber of the argon family of gases occupying the zero group of the Periodic Table. 
To thus characterize the chemistry of the radium emanation, a quantity mil¬ 
lions of times less than would be visible as a bubble, or could be spectro.scopically 
detected, or weighed on the micro-balance, did actually, as a matter of historical 
fact, suffice in 1902. Though, since then, enormously large quantities have 
been available, and it has been worked with in a state of approximate purity, 
nothing has been added in consequence to our knowledge of the chemical proper¬ 
ties of this radio-element. The example is, of course, a negative one, as it were, 
l:)ecause it concerns the absence of all chemical properties in this particular 
case, but it will perhaps serve as a step towards the understanding of how it is 
that the absolute minuteness of the quantities involved are not in themselves 
a barrier to the study of the chemistry of the radio-elements. 

“In the next step, let us neglect any inactive matter present and concen¬ 
trate our attention on tlie case of separating two chemically different radio- 
elements from one another, vSuch separations are effected as completely and 
simply as ordinary chemical analysis, always provided that, if such a mechanical 
operation as filtration is involved, there must always be sufficient quantity of 
matter to form a filterable precipitate Under such conditions it is always 
found, f(»r example, that polonium is completely precipitated in acid solution 
by sulphuretted hydrogen. Ionium is not so precipitated, but is by ammonia, 
while radium is precipitated b> neither reagent, but is completely by sulphuric 
acid vSo tliat, in pre,scnce of prccipitable quantities of any of the members of 
these tliree analytical groups, tlie complete separation of the.se three radio¬ 
elements, chosen as examples, from one another is as easy with absolutely un- 
weighable quantities as ordinary analysis. Going further, it is equally possible 
to show tliat polonium resembles liismuth more nearly than any other of the 
metals of Group II. but does not resemble it absolutely, and is in fact a new type 
of chemical element, though it has never yet been obtained in quantity sufficient 
to be worked with, apart from inactive material to serve as a vehicle for its trans¬ 
port. Similarly, radium resembles barium more nearly than it does any other 
of the metals of Group IV, but doCvS not resemble it absolutely, and is, in fact, 
another new type of chemical element It is fortunate, but not essential to this 
conclusion, that in this one case sufficient radium can be got to be weighable 
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and visible by itself as a new chemical element, and almost as full information 
can be obtained for it as for the inactive elements. 

Lastly, ionium not only resembles thorium more nearly than any other 
member of Group III, but is found to be chemically identical in properties 
with it. Ionium, in presence of sufficient thorium to act as a vehicle, may in 
quantities, however infinitesimal, be completely and simply separated from 
any mixture containing any or every known element by the simple device of 
separating the thorium therefrom by known methods. Ionium is a new radio¬ 
element, but is not a new chemical type of element. This is a new conception. 
In every detail of its radioactive properties, the velocity of range of its a-rays, 
its period of change, the character of its product and of its parent, ionium is 
distinct and different from every other radio-element. But in its chemical 
nature it is not new. On account of its identity in this respect with the element 
thorium, every detail of its chemical nature is known ‘*by proxy” as completely 
as though it were obtainable, like thorium, by the ton Ionium cannot be ob¬ 
tained ”radio-chemically pure” on account of its long period and the presence 
of thorium in all minerals from which it may be obtained This is in contrast 
to many of the radio-elements, similar to ionium in not being chemically new, 
for they can usually be “grown”, often vta the gaseous emanation, in a condi¬ 
tion of complete radio-chemical purity 

“Before pursuing tliis remarkable new line of development, let us push 
the question of chemical separations a little furtlier to such operations as do not 
involve mechanical processes like filtration Volatilization is such a case, al¬ 
ready considered The extraction of one liquid by another is one not yet con¬ 
sidered. Ivxtract a uranyl nitrate solution with ether, for example, and it will 
be found that the uranium can be extracted from the aqueous solution com¬ 
pletely by a sufficient number of extractions, but this uranium, so extracted, 
gives only a-rays, whereas the 0-rays of the original urauitim come from a con¬ 
stituent, really a product, called uranium X, which remains in the aqueous layer 
completely. Now if such a thing as pure uranium niti'atc or pure ether were 
practical, rather than ideal existences, then it would be easy to evaporate away 
the ether and obtain this 0-ray product of uranium, which is quite non-volatile, 
in the pure state. But, unfortunately, however “pure” the materials used 
might be, the impurities so extracted would probably outweigh a millionfold 
the uranium X so obtained, of which, in a ton of uranium, it may be calculated 
these never can exist much more than one-hundredth of a milligram. A very 
insignificant part of such a quantity would make an X-ray screen in the dark 
visible to a thousand people in a large hall, even though it were mixed with 
millions of times its own weight of foreign impurities 

“But if, relying on such radioactive evidence and neglecting such unavoida¬ 
ble impurities, we study the chemical nature of uranium X, again we reach a 
surprising conclusion. In chemical nature it also is identical with thorium and 
with nothing else. In radioactive nature it is unique, and as different from ion¬ 
ium, on the one hand, giving 0- and not a-rays, being short-lived instead of long- 
lived, and so on, as it is from thorium on the other. But in chemical character 
it is not unique. Differing recognizably from every other known element, it 
yet resembles one with such undeviating fidelity that processes which are capable 
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of removing from it every other known element always leave the concentration 
of the substance relatively to this one element unchanged.” 

The colloidal properties of solutions of the radio-elements are distinctly 
interesting, p. 64. 

“Although, in sufficiently concentrated acid solution, it is probable that 
the radio-elements exist as positive ions, and their transport to the cathode 
during the passage of a current is analogous to ordinary electrolysis, with the 
differences already alluded to, the researches of Godlewski and Paneth have 
shown that frequently the radio-elements exist as colloidal rather than ionic 
solutions, and their electro-chemical transport is allied to electrophoresis rather 
than electrolysis. 

“To take first a very striking and simple case. Polonium (radium F) 
may be separated from radium D and K by dialysis of a nearly neutral solution 
of the radio-lead nitrate through animal membranes or thin parchment paper. 
The lead, radium D and E. pass through as crystalloids, but the polonium re¬ 
mains behind in the cell in a pure condition. 

“Further work showed that in neutral solution the velocity of dialysis of 
radium K, and in an ammoniacal solution of thorium B, may be much reduced. 
In general, according to the degree of acidity, both hydrosols and ions of the same 
radio-element may exist together in the solution. The change from crystalloid 
to colloid is accompanied by a change of sign of the electric charge, and the 
colloid particles migrate in an electric field to the anode instead of to the cathode. 
If a parchment membrane is inserted in such a solution containing both forms, 
the cathode deposition is not prevented but only hindered, whereas the anodic 
deposition is completely suppressed. 

“Much work has also been done on the radium active deposit formed in 
pure water containing dissolved emanation. Under these circumstances all 
the products, radium A, B and C are present as hydrosols, but the A member 
is deposited on the anode, the B member on the cathode, and the C member on 
both electrodes In other words, the A member exists as a negative hydrosol, 
the B member as a positive Iiydrosol, and the C member as a mixture of both 
varieties. It has been suggested that the radium A starts with a negative charge as 
a negative hydrosol In its a-ray tdiange the radium B atom produced is expelled 
by recoil from the colloidal aggregate and forms a negative hydrosol, but in the 
^-ray change of radium B the radium C atom is not expelled. According as the 
colloidal aggregate contains excess of radium B atoms or radium C atoms, it is 
negative or positive, and migrates accordingly. As time goes on, and the majority 
of the B atoms are transformed into C atoms, the sign of the charge on the col¬ 
loidal aggregate changes from negative to positive, 

“On these solutions many *)f the consequences of the general theory of 
colloids, such as arsenious siilphule and platinsol, neutralize the positive hydro¬ 
sols present and reverse their sign, so that in their presence cathode deposition 
is prevented, and all the products make their appearance at the anode. Posi¬ 
tive colloids like ferric oxide act exactly oppositely. 

“Some practical suggestions have been made for employing these facts in 
the separation of the radio-elements. If the added colloid is precipitated by ad¬ 
dition of a suitable precipitant, such as aluminum .sulphate, all the radioactive 
products are precipitated with it. It is easy in this way to concentrate a very 
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powerful radioactivity upon a few milligrams of a precipitated hydrosol of gold 
or platinum. Again, positive hydrosols are precipitated in the pores of filter 
paper, whereas negative hydrosols pass through with the aqueous solution. 
According as aluminum sulphate or hydrochloric acid, on the one hand, or citric 
acid on the other, is added to the colloidal solution, the amount of positive or 
negative hydrosol, respectively, is increaj?ed, and the amount retained by filter 
paper may be increased or diminished. As very pure filter paper may be used 
and burnt after it has adsorbed the radio-element, a method of concentrating 
the latter is suggested. It has been found possible to separate uranium X from 
a uranyl nitrate solution, at a dilution of lo g per liter, by simple filtration and 
ignition of the filter paper.” 

The author considers, p. 141, that recent papers "seem to establish defi¬ 
nitely the variation of the atomic weight of lead and are favorable to the view that 
the isotope derived from thorium has an atomic weight some two units higher 
than that derived from uranium. The atomic weight of ordinary lead accords 
with the view that it may be a mixture of tlie two isotopes in very similar pro¬ 
portions.” Wilder D. Bancroft 

Metallurgy. By Henry H Second Edition. Jj X 16 cm; pp. tit -f 

JQI. Easton: The Chemical Publishing Co., JQ14. Price: $3.00. —The title 
page tells us that this is “a condensed treati.se for the use of college .students 
and any desiring a general knowledge of the subject ” The preface states 
that the primary object of the book is to supplement a course of lectures given 
to engineering students at Lafayette, and that it is also designed as a textbook 
for other colleges. The author then got'S on "a book may be far from pro¬ 
found and rudimentary to a fault, but nevertheless, succe.ssful if it presents 
fundamental subjects in a style that arouses interest and therefore commands 
attention... In elementary courses the text should be used from cover 
to cover and the expediency of omitting certain chapters or articles should 
not be felt from either the academic or the technical point of view . . No 
criticism is made of compendiums or of texts in which subjects are dealt with 
exhaustively. These have their indispensable places in special courses and as 
works of reference.” 

The book is hence not designed to lie a reference book or even a textbook 
for advanced students in metallurgy, but merely as an elementary textbook 
for engineering students. The marks, not aimed at by the author, have not 
been hit, so he has at least been successful in not doing what he set out not to do. 

It is a question in the reviewer’s mind if the author has more than nicked 
the edge of the bullseye, he did aim at that of writing an interesting elementary 
textbook. He mentions that impurities in metals affect the crystalline structure 
as shown by the microscope. A couple of photomicrographs to illustrate the 
point would increase the interest. Speaking of magnesite under "Basic Ma¬ 
terials,” the author says, "This substance is highly refractory and it is the most 
satisfactory material known for some purposes.” This is condensation with a 
vengeance, as the only further explanation given is that it is used in "basic 
furnaces.” 

On the other hand, there is a full page illustration and another page of de¬ 
scription of the mechanism of a certain recorder for pyrometric use, which space. 
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it seems to the reviewer, might have been more entertainingly, at least, used in 
giving some definite information as to just what metallurgical processes are 
pyrometrically controlled in practice, and as to which types of instrument are 
suited to the various uses. 

Under “Crucible Steel—^the melting furnace*’ we find the following para¬ 
graph: “The furnaces used for melting steel in crucibles are often of very sim¬ 
ple construction, consisting of a melting hole in which the crucibles are placed 
and in which coke is burned, and a tall chimney for creating a draft. The 
melting hole is covered with a fireclay lid during the operation. Gas-fired 
furnaces employing regenerators are also in use.” Even if it is not desired to 
give the student any clearer mental image than he can form from this, why not 
also mention the use of fuel oil? 

Five pages cover the subject of electric steel. Copper is said to “diffuse” 
readily with most of the common metals, by which the author means that it 
alloys readily. Bronze is said to be prepared by melting the copper and tin 
separately, pouring them together and stirring the mixture to give uniformity. 
This may poSvSibly be the practice in one foundry out of five hundred. 

The bulk of the book, however, seems to be better than the particular por¬ 
tions in which the reviewer has most interest, and its study would give a student 
a pretty good idea of the fundamentals of ferrous and non-ferrous metallurgy, 
although a sketchy one If metallurgy were a high school .subject, or taught 
as a cultural study for general information in an A.B. course, this would be a 
good textbook Nevertheless, the reviewer does not believe it is fair to an engi¬ 
neering student to make him buy a textbook that is of no real value in his library 
after the examination in the course is passed. There arc but forty-three refer¬ 
ences given to the literature in this book. Whatever be an author’s ideas on 
the proper degree of detail for a textbook, there can be no excuse for his fail¬ 
ure to tell the student where more specific information can be found. 

H. W, Gillett 

Physical Chemistry, its Bearing on Biology and Medicine. By James C. 
Philip, Second Edition, 13 X i8 cm; pp. v -f 326, New York: Longmans, 
Green & Co., /p/j. Price: $2 10 net. —The first edition was reviewed four 
years ago (15, 416). The chief changes in this edition are the addition of a 
chapter on electromotive force and the inclusion of Czapek’s work on the surface 
tension of the cell membrane, p 85a. There is an interesting discussion on diffu¬ 
sion of gases, p. 18, in comiection with transpiration by leaves, 

“The gas exchange between the atmosphere and the assimilating cells of 
a leaf is at one stage simply a process of diffusion through the stomata alone, 
for Blackman has shown that if these are blocked up no appreciable diffusion 
of carbon dioxide into the leaf takes place. This being so, the diffusion of carbon 
dioxide through the stomata must be relatively rapid; indeed, in the case of a 
certain leaf examined by Brown and Escombe the stomatic openings were found 
to absorb per sq cm of their area as much as 7.77 cu. cm of carbon dioxide 
per hour, a figure which is about fifty times as great as the absorption per unit 
area of a freely exposed solution of caustic alkali. The question whether this 
was possible led Brown and Escombe to study the free diffusion of carbon dioxide 



New Books 


347 


through small apertures into cavities with a comparatively large absorbing 
surface.. .. 

“When a diffusion tube, such as that already described, is covered with a 
diaphragm containing many small apertures, the diffusion flow is checked to 
a remarkably small extent. In Brown and Kscombe’s experiments diaphragms 
were employed containing loo perforations (0.38 mm in diameter) per sq. cm 
of diaphragm surface. Although the area of the apertures was in this case only 
about one-ninth of the total area of the diaphragm, the amount of diffusion 
through the perforations was as great as when there was no diaphragm at all. 
The obstruction, therefore, which is offered to a diffusion flow by a multi-perforate 
diaphragm may be nil, and is certainly very small. This striking result is to be 
referred to the intensification of the diffusive flow which, as shown by tlie figures 
already quoted, accompanies the decrease of aperture. Provided that the per¬ 
forations in a multi-perforate septum are not too close, each aperture acts inde¬ 
pendently of the other according to the diameter law.” 

“On p. 24 we read that 'the poWer of water to dissolve oxygen and carbon 
dioxide is an all-important fact in connection with aquatic plants. The possi¬ 
bility of gaseous interchange between the air and the cells of the submerged 
plant depends in the first place on the diffusion of oxygen and carbon dioxide 
through the medium surrounding the plant, for if the medium is freed and kept 
free from air the plant dies. In general the epidermis of the submerged leaf is 
not cuticulari.sed, and is unprovided with stomata. It is, however, impreg¬ 
nated with water, and the exchange of oxygen and carbon dioxide between the 
surrounding medium and the interior of the leaf consists in a diffusion across 
thivS water-logged layer. It has been shown that this diffusion across the walls 
of submerged plants is subject to tlie same laws as regulate the passage of gases 
across a film of water. The gaseous interchange of aquatic plants must, there¬ 
fore, be a comparatively slow process, but in the characteristic development of 
intercellular spaces there is a mechanism which deals with this difficulty. By 
this means the oxygen and carbon dioxide liberated in the processes of assimila¬ 
tion and respiration respectively arc kept available for future use Thus it is 
that those parts of aquatic plants which lie in the mud at the bottom are supplied 
with oxygen without depending on the slow diffusion of this gas through the sur¬ 
rounding water 

“Another point of interest in connection with the gas exchange of aquatic 
plants is the fact that marine algae flourish more luxuriantly in arctic than in 
tropical waters. This is due to the greater solubility of carbon dioxide in water 
at low temperatures and the resulting increase in the facilities for gaseous inter¬ 
change.” 

On p. 37 the author points out that “an interesting case of a semipermeable 
membrane in the vegetable world was described lately by Brown. He has shown 
that certain barley grains {Hordeum vulgare var. coerulescens) have a covering 
which exhibits selective action when placed in aqueous solutions of sulphuric 
acid and various other substances; water is absorbed by the grains while the 
dissolved substance cannot gain an entrance. That sulphuric acid cannot pene¬ 
trate the covering of the grain is shown by the fact that a blue pigment which is 
present in the aleurone cells and which is turned red by acids, remains unaffected 
'When undamaged barley grains are soaked in sulphuric acid. On the other hand, 
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any grain, the covering of which is imperfect or has been purposely perforated,, 
at once begins to exhibit the color change denoting the access of acid to the 
interior. Grains which have been exposed to the action of boiling water for thirty 
minutes, and which, after this treatment, have lost all power of germinating, 
behave in the same way as untreated grains, so that the semi-permeable charac¬ 
ter of the covering does not depend on the activity of living protoplasm.” 

Wilder D, Bancroft 

Chimie physique 61€mentaire. By E. Arih, Vol. L iq X 13 cm; pp^ 
V -H 212, Paris: Herman et Fils, 1^14. Price, 4 francs, —In the preface the 
author says. “Everybody recognizes that credit for the unexpected develop¬ 
ment of chemistry in the last forty years belongs to J. Willard Gibbs In several 
famous memoirs this remarkable genius based chemical statics on the principles 
of thermodynamics. People have admired his works and have quoted him as 
authority but very often on hearsay and without having really appreciated what 
he has done. As a matter of fact the work of Gibbs has secured, at any rate in 
France, very few disciples eager to defend it against attacks which might tend 
to decrease its importance ” 

The subject is treated under the general headings: introduction; thermo- 
clastic properties of substances, chemical energy and chemical equilibrium; 
four important inequalities, laws of chemical equilibrium and conditions for 
stability; the laws of Le Chatelier and of van't Hoff; the laws of mass action; 
the formula of Clapeyron and the phase rule; osmosis and semipermeablc mem¬ 
branes. The title of the book is somewhat misleading The book is not an ele¬ 
mentary physical chemistry at all; but rather an elementary chemical thermo¬ 
dynamics. No data are given The autlior is very much opposed to the views 
of Duhera and mis>:es no opportunity of saying so. Wilder D Bamroft 

Handbuch der Mineralchemie, By C, Doelter. VoL 11 , Part VII. 2$ X 
cm; pp. 160 Dresden: Theodor Steinkopff, 1915. Price: 6,50 marks.-—Thi: 
most interesting pages in this number are thOvSe on ultramarine. While ultra- 
marine consists normally of alumina, silica, .sodium, and sulphur, the silicic 
acid can be replaced by titanic acid, the alumina by boric acid, and the sodium 
by silver, which leaves sulphur as the one essential constituent. In accordance 
with this wc have the hypothesis that the color is due to colloidal sulphur, which 
at first sight seems very plausible On the other hand, the color changes when 
the amount of sulphur is kept constant while the sodium concentration varies. 
vSince it has not been .shown that the color of colloidal sulphur changes with chang¬ 
ing sodium content, there is always the possibility that the color is due to a col¬ 
loidal sulphide or polysulphide. What one ought to do is to prepare colored 
colloidal sulphur or sulphides in aqueous solution analogous to the ultramarines 
and then one would know something definite about the subject. We seem to be 
in somewhat the same position towards the ultramarines that we should be 
toward the photochlorides if the variously colored silvers were unknown. What¬ 
ever hypothe.sis is adopted it seems probable that the hypothetical aluminum 
silicates are primarily peptonizing media. Wilder D. Bancroft 



THE COAGULATION OF ALBUMIN BY ELECTRO¬ 
LYTES 


BY WIIvDKR D. BANCROFT 

The recent work on albumin has been to the effect that 
definite compounds are formed with acids and bases.* In 
so far as albumin is present as a second phase, conclusions 
based on conductivity measurements are subject to serious 
error, and conclusions based on electrometric measurements 
may be in error. In so far as albumin is present as a second 
phase, adsorption phenomena must play some part. It 
seems desirable therefore to see to what extent the coagula¬ 
tion of albumin by electrolytes can be accounted for without 
postulating the formation of definite compounds. It will 
then l)e possible to see to what extent one must postulate 
the existence of compounds. In other words, we will give 
up, for the time being, the dogma that albumin is an ampho¬ 
teric electrolyte. 

We start with the assumption that a slightly acid or 
slightly alkaline solution of albumin is a two-phase colloidal 
system which is least stable when electrically neutral. When 
the albumin adsorbs the anion relatively more than the cation, 
as in alkaline solutions, it becomes charged negatively and conse¬ 
quently moves to the anode under electrical stress. When it 
adsorbs the cation more than the anion, as in acid solutions, 
it becomes charged positively and consequently moves to 
the cathode under electrical stress. If we take a negatively 
charged albumin, in neutral or slightly alkaline solution, 
and add a salt solution, the effect of an adsorption of the 
anion will simply be to increase the negative charge and con¬ 
sequently to make the colloidal solution more stable. The 
more strongly adsorbed the anion is, the less readily will the 
albumin be precipitated by cations. On the other hand, the 
adsorption of a cation decreases the electrical charge and con- 


' Pauli and Hirschfeld. Biochcm, Zeit., 62, 245 (1914). 
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sequently makes the albumin less stable. The more readily 
adsorbed the cation, the lower will be the concentration at 
which it will cause precipitation. In any given case we 
shall therdore be able to arrange the cations and the anions 
in series, depending on the way in which they precipitate al¬ 
bumin. It must be remembered that in many experiments 
with white of egg, the globulin has not been removed,^ in 
which case the data refer to the globulin rather than to the 
albumin. In Table I are some data by Hofmeister^' for a neu¬ 
tral or slightly alkaline solution. The solution contained o. 2 
g albumin per 10 cc; the salt concentrations are given in gram 
equivalents per liter; the temperature was 30°““40®; the num¬ 
bers in parenthesis give the valences of the anions: 


Table I 


Concentration in gram equivalents per liter 


Tartrate (2) 

Sulphate (2) 

Phosphate (2) 

Citrate (3) 

Acetate (i) 

Chromate (2) 

Chloride (i) 

Nitrate (i) 

Chlorate (i) 

Iodide (I) 

Sulphocyanatc (i) 


K 

Na 

NH4 

.. 5 r 

1.56 

2.72 

— 

1.60 

2.03 

I 61 

1.65 

2.51 

1.67 

1.68 

1 2.71 

1.67 

1 I <39 

— 

2.67 

2.61 

— 

3-53 

3 .63 

— 

— 

I 542 

— 

— , 

5 52 

— 


No precipitate in saturated solutions 

K it <1 tt H 


The ammonium salts precipitate at distinctly higher con¬ 
centrations than the sodium and potassium salts and there¬ 
fore, by definition, are adsorbed less than these. There is 
not much difference between the sodium and potassium salts, 
and it is probably wiser to attribute what little difference 
there is to experimental error, at least temporarily. This is 
the more advisable because Pauli® considers that potassium 


^ Pauli: Pfluger’s Archiv , 78, 315 (1899). 

* Pfliiger's Archtv., 24, 247 (1887). 

* Hofmeister's Beitrage zur chem. Physiol., 3, 225 (1903). 
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salts are less effective than sodium salts, whereas Hofmeis- 
ter’s data point to their being somewhat more effective. 
Since Hofmeister found that lithium sulphate precipitated 
albumin at an equivalent concentration of 1.54, we conclude 
that lithium salts are adsorbed slightly more than sodium 
and potassium salts. Magnesium sulphate precipitates at 
2.65, which seems to imply that magnesium salts are ad¬ 
sorbed less than ammonium salts. Whether we draw this 
conclusion or not depends on whether we take the equiva¬ 
lent concentration or the ion concentration as the standard. 
For equivalent concentrations of sodium sulphate and mag¬ 
nesium sulphate the precipitating concentrations are i. 60 
and 2.65. The gram molecular concentrations of sodium and 
magnesium ions are 1.60 and 1.35, respectively, assuming 
complete dissociation. On this basis magnesium ions pre¬ 
cipitate at a lower concentration than sodium ions. If we 
do not postulate complete dissociation, the effect is even 
more striking because magnesium sulphate is dissociated 
less than sodium sulphate. It seems to me that the ion 
concentration is the important one because it is the ion which 
is adsorbed. Consequently I deduce that the order of pre¬ 
cipitation and of adsorption is 

Mg>Li>Na, K>NH4 

when referred to ion concentrations, magnesium ions being 
adsorbed the most and ammonium ions the least. This point 
has been overlooked entirely so far as I know, all people 
putting the precipitating power of magnesium salts below 
that of ammonium salts. The present way of looking at the 
matter seems to be more sound theoretically, and it has the 
advantage of bringing the magnesium salts more nearly in 
line with the salts of the other bivalent metals. 

If we deduce the order of adsorption of the anions from 
the data in Table I we get: sulphocyanate, iodide>chlorate> 
nitrate > chloride > chromate > acetate, citrate > phosphate > 
sulphate > tartrate, the sulphocyanate ion being adsorbed the 
most and the tartrate ion the least. Pauli^ finds that the 

^ Hofmeister’s Beitrage zur chem. Physiol., 3, 243 (1903). 
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tartrate comes in between the acetate and citrate. If so, 
Hofmeister’s determinations with the sodium and potassium 
tartrates must be in error. Freundlich^ considers that the 
concentrations should be given in gram molecular weights 
per liter instead of gram equivalents in which case one gets 
Table II: 


Table II 

Concentration in gram molecules per liter 


Citrate 

Tartrate 

Sulphate 

Phosphate 

Chromate 

Acetate 

Chloride 

Nitrate 

Chlorate 

Iodide 

Sulphocyanate 


K 

0.56 

0-75 

0.80 


i .w/ 

3‘53 


Na 

0.56 
0.78 
0.80 
0.82 
1.30 
1.69 
3 63 


NH4 

0.90 
0.91 
1.01 
I 25 


5*42 — 

552 

No precipitation in saturated solutions 


On the basis of these data the order is sulphocyanate, 
iodide > chlorate > nitrate > chloride > acetate > chromate > 
phosphate > sulphate > tartrate > citrate, the sulphocyanate ion 
being adsorbed the most and the citrate ion the least. Since 
we are agreed that the ion concentration is what counts, this 
seems at first the more rational way of arranging the data 
for a study of the anions. It has the further advantage that 
ammonium tartrate fits in as it should, whereas it was ab¬ 
normal in Table 1. On the other hand there is the difficulty 
when comparing chromate with acetate for instance, that 
the concentration of sodium or potassium as ion is double 
in the gram molecular solution of chromate what it is in the 
acetate solution. Since the albumin is negatively charged, 
it is precipitated by cations and consequently the error intro¬ 
duced in Table II by doubling the concentration of the cation, 
may be more serious than the error introduced in Table I 


* Kapillarchemie, 425 (1909) 
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by an inaccurate formulation of the anion concentration. 
There was a similar error for the cations when comparing 
MgS04 with Na2S04/2, but the error due to the change in 
concentration of the sulphate is relatively small, because this 
anion is not adsorbed to any great extent. With the anions 
the case is different and it seems to me that the evidence is 
not sufficient to enable us to decide conclusively between 
Tables I and II. It will 4 ;herefore be safer for the present 
to consider only those anions which come in the same order 
in both tables. The order of these anions is: sulphocyanate, 
iodide > chlorate > nitrate > chloride > acetate > phosphate > 
sulphate > tartrate, the sulphocyanate ion being adsorbed the 
most and the tartrate ion the least. 

These deductions as to the order of adsorption of the cations 
and anions are made specifically to fit the facts and are there¬ 
fore worthless unless confirmed independently. We can get 
the needed independent confirmation by considering the be¬ 
havior of albumin in slightly acid solution. Here the more 
strongly adsorbed cation wdll increase the electrical charge 
and will consequently make the albumin more stable, while 
the more strongly adsorbed anion will cut down the electri¬ 
cal charge the most and will precipitate the albumin the most 
readily. 

With an acid concentration of 0.01-0.2 A/^ HCl Pauli^ 
found that the order of anions and of cations reversed, the order 
for the anions becoming; sulphocyanate>iodide>bromide> 
nitrate > chloride > acetate. This is as it should be, and the 
same relation holds with a stronger acid, 0.03 N HCl. The 
behavior of the cations becomes abnormal, however, in the 
0.0$ N HCl solution, the ammonium salts precipitating at a 
higher concentration than the corresponding sodium salts, 
just as they did in the slightly alkaline solutions. I do not 
pretend to account for this unexpected shift. The most that 
can be done at present is to formulate the general principles. 
A careful experimental study of each case will be necessary 


' Hofmeister’s BeitrSgc zur chem. Physiol., 5, 27 {1904). 
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before one can be certain what is the cause of special alleged 
discrepancies. 

Copper and zinc salts precipitate negatively charged 
albumin even at concentrations of M/iooo or less, from which 
we conclude that these cations are adsorbed very markedly. 
From what we have seen in regard to sodium and potassium 
salts, we should expect that a higher concentration of zinc 
iodide would be necessary to coagulate albumin than if one 
added zinc sulphate. The experiment has not been tried in 
just this form so far as I know; but Pauh^ found that addition 
of sodium iodide or sulphocyanate cut down the precipita¬ 
tion when a very dilute zinc sulphate {0.005 N) was used. 
The order of anions was chloride > nitrate > bromide > iodide > 
sulphocyanate, the most precipitate occmring with the chlo¬ 
ride and the least with the sulphocyanate. Curiously enough, 
it was found that iodide kept the solution clear when 0.02 N 
ZnS04 was used, while sulphocyanate caused a heavy pre¬ 
cipitate. With 0.1 N ZnS04 the addition of sodium salts 
caused a precipitate decreasing in the order: sulphocyanate> 
iodide > nitrate > chloride > sulphate. This is what one would 
expect if one had a positively charged albumin instead of a 
negatively charged one. Unfortunately this point was not 
thought of by Pauli. I am inclined to believe that this re¬ 
versal of the anions is connected with the fact that zinc sul¬ 
phate does not precipitate albumin at all when present in 
normal to double-normal concentrations. 

If we start with a negatively charged albumin and add 
acid, we neutralize the negative charge and precipitate the 
albumin. On adding more acid we get the albumin charged 
positively and peptonized. There is no reason to suppose 
that this action is confined to the hydrogen cation, and I 
believe that albumin which is not precipitated by a gram 
molecular solution of zinc sulphate will be fovmd to be charged 
positively. In that case the order of the anions would be re¬ 
versed, as Pauli found. With lower concentrations of zinc 


* Hofmeister’s Beitrage zur chem. Physiol., 6, 233 (1905). 
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sulphate we should expect the reversal to occur first with 
the sulphocyanate which is exactly what happened. Szilard^ 
finds that thorium and uranyl nitrates peptonize albumin, 
which is what they should do in case these cations are ad¬ 
sorbed very strongly. 

If we start with an acidified solution the addition of 
zinc sulphate or copper sulphate should have very little effect. 
Werigo- reports that copper sulphate does not precipitate 
albumin in presence of hydrochloric acid. Unpublished 
experiments by Mr. H. I. Cole showed that 0.2 cc M/10 
ZnS04 produced a distinct cloudiness when added at 3o°-4o° 
to 10 cc of a slightly alkaline albumin solution (containing 
globulin). When the solution was acidified it was necessary 
to add more than 10 cc M/io ZnS04 to produce the same 
cloudiness. Mr. Cole also confirmed Pauli’s results that ad¬ 
dition of potassium iodide to a slightly alkaline solution of 
albumin cut down the precipitation by zinc sulphate. He 
also found that in acidified solutions potassium iodide pre¬ 
cipitated at much lower concentrations than sodium chloride. 

Pauli’s results with calcium, strontium, and barium 
salts* confirm the hypothesis put forward to account for the 
effect produced by zinc sulphate. He found that with these 
salts the order of the anion reverses, and becomes: sulpho¬ 
cyanate > iodide > bromide > nitrate > chloride > acetate, the 
sulphocyanate causing the most precipitation and the acetate 
the least. If we assume that the calcium ion is adsorbed 
sufficiently to make the albumin positively charged,^ the be¬ 
havior of the anions becomes normal. As a matter of fact 
Pauli observed that the solutions became slightly acid, in¬ 
dicating the adsorption of lime. 

We have still to consider the reversibility of the precipi¬ 
tation. In neutral or slightly alkaline solution the precipi- 

’ Jour, chitn. phys., 5, 495 (1907). 

• Pfliiger’s Archiv., 48, 132 (1891); cf. Hardy: Proc. Roy. Soc., 66, no 

(1900). 

• Hofmeister’s Beitrage zur chem. Physiol., 5, a? (1901). 

• Billitzer states that the albumia does move to the cathode, Zeit. phys. 
Chem., 51,155 (1905). 
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tation by the salts of the alkalies is reversible; the precipita¬ 
tion by the salts of the alkaline earths is reversible if the pre¬ 
cipitate is washed at once with water but is irreversible if the 
precipitate is allowed to stand for a short time in contact with 
the solution; the precipitation by dilute solutions of salts of 
the heavy metals is irreversible. In acidified solutions the 
precipitation by sulphocyanates and iodides is irreversible, 
while the precipitation by actetates and sulphates is reversi¬ 
ble if the acid concentration is very low; for concentrations 
of o 03 N HCl the precipitation is irreversible. ‘ 

The precipitation of a colloid is always reversible in case 
no coalescence or agglomeration takes place, because one of 
the standard methods of preparing a colloidal solution is to 
wash out the excess of the precipitating agent. Now the more 
strongly the precipitating agent is adsorbed, the harder it is 
to wash it out and consequently the more nearly irreversible 
the precipitation is. We could use this qualitatively to ac¬ 
count for the difference between precipitation by potassium 
sulphate and zinc sulphate; but we know that there must 
be agglomeration or coalescence when albumin is precipitated 
by lime salts because the precipitate can be peptonized when 
first formed and cannot be later. Even if we got round this, 
as we undoubtedly could, it is difficult to see how to apply 
this explanation satisfactorily to the case of precipitation in 
acidified solution. It seems more probable that 'the physical 
properties of the precipitates vary under different conditions 
of precipitation and that the irreversible precipitates are 
more gelatinous than the others. We know that the so-called 
Pean de vSt. Gilles ferric oxide is precipitated by hydrochloric 
acid or nitric acid in a sandy form which is readily peptonized 
by water and is precipitated by sulphuric acid in a more 
gelatinous form which is not readily peptonized by water.* 
There are no data bearing directly on this point; but Pauli* 

' Pauli: Pfliiger’s Archiv , 5, 27 (1904); Freundlieh; Kapillarchemie, 425 

(1909). 

® Bancroft. Jour. Phys. Chem., 19, 236 (1915). 

‘Pauli and Handowsky; Biochem. Zeit., 18, 340 (1909); Pauli and 
Falek: Ibid., 47, 269 (1912). 
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has suggested in several papers that salts may change the 
hydration of suspended albumin. 

The only other point to be considered is the behavior of 
so-called electrolyte-free serum albumin.’ This shows no 
perceptible diffusion under electrical stress and is therefore 
apparently electrically neutral without being instable. Addi¬ 
tion of sodium, barium, or calcium chloride does not make 
the albumin electrically positive or electrically negative. 
It is not precipitated by salts of zinc, copper, mercury, iron 
or lead. A mixture of CaClj -f NaSCN causes no precipita¬ 
tion, though precipitation takes place if the albumin solution 
is acidified before the mixture is added. The only way that 
I see to account for the stability of the electrolyte-free albumin 
is to postulate that in the absence of salts the peptonizing ac¬ 
tion of water is enough to keep the albu m in in colloidal solu¬ 
tion.’’ To this extent the electrolyte-free albumin behaves 
like gelatine. This is not impossible, because Denacyer® 
claims that when albumin is heated in water under a pressure 
of one atmosphere it becomes soluble again and reacts un¬ 
coagulated albumin. Granted that the electrolyte-free albu¬ 
min is stable and electrically neutral, as Pauli claims, there 
is no reason why it should be precipitated by salts of zinc, 
copper, lead, mercury, iron, or lead because these salts would 
give it a positive charge and make it even more stable. I 
do no know why the chlorides of sodium, barium or calcium 
do not give it an electrical charge of one sign or the other, 
nor why the mixture of calcium chloride and sodium sulpho- 
cyanate does not precipitate it. The obvious assumption 
to make is that in the course of purification the albumin had 
been so changed by hydration, dehydration or otherwise, 
that it did not adsorb sodium, calcium, barium, chloride, 
or sulphocyanate ions to an appreciable extent; but does so 
after contact with an acid. Colloidal silver bromide has ap- 

^ Pauli: HofmeisUT’s Beitrage zur chem. Physiol., 7, 531 (1906). 

2 It is possible, however, that the electrolyte-free albumin is the external 
phase in the solution. If so, this would account for some of its peculiarities. 

* Jour Chem. Soc., 60, 1269 (1891). 
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parently practically no adsorbing power for potassium ions 
or nitrate ions whereas it does adsorb silver ions or bromide 
ions. All this is purely speculative and not worth much un¬ 
til there is some experimental evidence forthcoming. It 
does seem to me, however, that it will be an easier task to ac¬ 
count for the properties of electrolyte-free albumin on the 
basis of varying adsorption than on the basis of an ampho¬ 
teric electrol)d;e. 

It is usually considered that albutnin constitutes a special 
case‘ and that it differs fundamentally from colloidal gold, 
let us say, or colloidal ferric oxide. We are told that posi¬ 
tively charged colloids are precipitated by anions and that the 
nature of the cations is immaterial; we are also told that the 
cation is the all-important factor in the case of a negatively 
charged colloid, the nature of the anion being immaterial. 
This seems to be hopelessly wrong. My whole argument 
will apply to any colloidal solution where the suspended phase 
becomes instable when electrically neutral; and consequently 
the nature both of cation and of anion is important. The 
error has come about very naturally because it was very diffi¬ 
cult to prepare a positive gold sol for instance or a negative 
ferric oxide sol. With a positively charged sol the cations 
which are less readily adsorbed than the ion causing the 
charge—usually hydrogen- -naturally have very little effect.“ 
With a negatively charged sol the anions, which are less read¬ 
ily adsorbed than the ion causing the charge—usually hydroxyl, 
except perhaps in the case of the metals—naturally have very 
little effect.^ Once the erroneous belief had taken root, it 
grew, because other people either did not test large numbers 
of cations and anions or ignored the evidence in case they did. 
I shall discuss this matter more in detail in another paper. 

The general conclusions of this paper are as follows: 

I. So far as the data go, the coagulation of albumin by 
salts can be accounted for more satisfactorily on the assump¬ 
tion that we are dealing primarily with adsorption rather 

> Freundlich; Kapillarchemie, 434 (1909). 

* In extreme cases the adsorption may be so slight as to be negligible. 
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than on the assumption that we are dealing primarily with an 
amphoteric electrolyte. 

2. Slightly acid or slightly alkaline solutions of albumin 
are least stable when the dispersed phase is electrically neutral. 

3. Since the sign of the electrical charge depends on the 
preferential adsorption of cation or anion, the nature of 
both anions and cations is important. 

4. When albumin is charged positively, the more strongly 
adsorbed anion will be most effective in causing precipitation 
and the most strongly adsorbed cation in preventing precipi¬ 
tation. 

5. When albumin is charged negatively, the most strongly 
adsorbed cation will be most effective in causing precipita¬ 
tion and the most strongly adsorbed anion in preventing 
precipitation. 

6. If one adds to negatively charged albumin a salt 
consisting of a readily adsorbed cation and a slightly adsorbed 
anion, we shall get precipitation at low concentrations and no 
precipitation at higher concentration; but in this latter case 
the albumin will be charged positively. 

7. While the reversibility of precipitation depends in 
part on the ease with which the precipitating agent can be 
washed out, it seems probable in the case of albumin that 
tlie physical properties of the precipitate are important as 
determining coalescence and agglomeration. There are no 
data on this point. 

8. In the case of the electrolyte-free albumin one must 
apparently assume that the stability of the solution is due 
to the peptonizating action of water in the absence of electro¬ 
lytes. 

9. The coagulation of albumin by electrolytes is a typical 
and general case, whereas the coagulations of gold sols and 
ferric oxide sols are special cases. 

Cornell University 



ORGANIC LIQUIDS AND ALKALINE SOLUTIONS 


BY T. J. TWOMEY 

Wilson^ has shown that drops of chloroform, carbon bi¬ 
sulphide, or other liquids denser than water tend to become 
spherical in contact with water or an acidified solution, but 
flatten considerably when the solution is made alkaline. At 
the suggestion of Professor Bancroft I have repeated some of 
these experiments and have done some others to make sure 
that the phenomenon was not due to impurities. The room 
temperature was about 21° C. All experiments were done 
in glass beakers, carefully cleaned. 

Into 100 cc water 0.5 cc chloroform was dropped from a 
5 cc pipette. The drops sank to the bottom and a round 
bubble of air appeared in the middle of the upper surface of 
each. On shaking continuously for two or three minutes, 
the air bubble was dislodged and rose to the surface of the 
water, carrying with it a little chloroform. Some of this 
chloroform remained on top of the water and the rest sank to 
the bottom. The chloroform that remained on the surface 
evaporated in the course of time. After the first air bubble 
had been removed from the chloroform at the bottom of the 
beaker, another formed. The chloroform must take up air 
dissolved in the water. 

Into 100 cc approximately normal KOH solution 0.5 cc 
chloroform was dropped from a 5 cc pipette. The chloroform 
did not seem to spread out on the surface before sinking so 
much as it did with water. The globules sank to the bottom 
and flattened out; they were distinctly not very mobile and 
seemed to stick to the bottom of the vessel. When the chloro¬ 
form was dropped into the water, it broke up into a number of 
drops which did not agglomerate so easily as in the water 
solution. In fact quite a little shaking was necessary in order 
to make them coalesce. At first no air bubbles could be de¬ 
tected, but after standing for five minutes a very small bubble 
appeared on the chloroform. Sulphuric acid was then added 
until the solution became acid. The flattened drop of chloro- 

* Jour. Chem. Soc. i, 174 (i848);Bancroft: Jour. Phys.Chetn. 19,276 (1915). 
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form at once assumed the shape of a round ball and became 
mobile. An air bubble also appeared in the center of the drop. 

Into 100 cc approximately normal sulphuric acid solution 
0.5 cc chloroform was dropped as before. The chloroform 
spread all over the surface and then sank through the solution 
in small drops, forming round globules with air bubbles clinging 
to each. It was hard to get rid of the bubbles on the chloro¬ 
form drops by shaking; as soon as one was driven off, another 
bubble appeared exactly in the center of the drop. When 
the bubbles were dislodged from the drops they rose to the 
surface carrying with them some chloroform, a part of which 
remained on the surface until it evaporated, while the rest 
sank back to the bottom of the solution. The globules were 
very mobile and coalesced readily. Caustic potash was 
added to the solution, making it alkaline. The chloroform 
globule flattened immediately and the air bubble in the 
center disappeared. In still another experiment an acid 
vSolution was made alkaline, then acid, and then alkaline 
again. The rcvSult confirmed Wilson's experiments, for the 
drop of chloroform was always flat in alkaline solution atid 
round in the acid solution. There is scarcely any difference 
to be noted between the shape of the drop in acid solution 
and in pure water. The same results were obtained when 
NaOH and HCl were substituted for KOH and H2SO4. 

In one experiment in a nitric acid solution the temperature 
was raised to about 40°. Bubbles seemed to shoot from all 
parts of the solution to the chloroform drop. When they 
had formed a large bubble in the center of the drop of chloro¬ 
form, the air bubble rose to the surface of the solution as in 
the other cases. 

vSince it is possible theoretically that the alkali may have 
decomposed the chloroform somewhat and thus have caused 
the phenomena,^ some experiments were made with carbon 
tetrachloride. The results were substantially the same as 
with the chloroform, tlie only difference being that the carbon 
tetrachloride seemed to sink more readily in all the solutions 
than did the chloroform. Owing to the higher density of 

1 Cf. Swan: Phil. Mag., (3) 33> 3^ (1848). 
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carbon tetrachloride this was to be expected. Since traces 
of grease might give rise to a soap in presence of alkali, some 
experiments were made adding potassium cyanide solution 
to dissolve the grease. In the first experiment 0.5 cc CCI4 
was added to 50 cc AT NaOH diluted to 125 cc. The drop 
flattened and ceased to be very mobile. There was then added 
50 cc KCN solution (15 g KCN in 300 cc water). The ap¬ 
pearance of the drop remained the same even after vigorous 
shakin g and stirring. In another experiment 0.5 cc CCI4 
was added to 100 cc of the KCN solution. The drops of 
chloroform flattened perceptibly, but had small air bubbles 
clinging to them. On adding 50 cc N NaOH solution the 
drops flattened much more and the air bubbles became de¬ 
tached. The slight flattening when the potassium cyanide 
solution was added was probably due to the hydrolysis of the 
cyanide. When the solution was made add (under the hood) 
the drops of chloroform became round again and each one had 
an air bubble clinging to it. On making the solution alkaline 
again, the globules of chloroform flattened once more. 

There was a possibility that this experiment was not con- 
dusive. One does not know exactly what potassium cyanide 
does to grease in presence of carbon tetrachloride. For this 
reason some experiments were made with carefully purified 
benzene. It was purified from thiophene and the subsequent 
distillations were performed in glass which had been cleaned 
carefully with a chromic add cleaning mixtme. In order to 
make the experiments comparable with the others, a small 
beaker full of water was inverted in a larger beaker of water 
and then the benzene was introduced into the smaller beaker 
by means of a ciuved pipette. There was therefore no surface 
between benzene and air to be considered. When the water 
was made alkaline, the benzene drop flattened, becoming 
spherical again when the solution was acidified. The flattening 
of the organic liquids is evidently due to an adsorption of 
alkali and is not due to a partial decomposition of the organic 
liquid nor to the formation of soap by the action of the caustic 
alkali on traces of grease. 

Cornell University 



NEUTRALIZATION OF ADSORBED IONS 


BY WILDER D. BANCROFT 

Any substance may be brought into a state of colloidal 
solution provided we make the particles of that phase so small 
that the Brownian movements will keep the particles sus¬ 
pended, and provided we prevent agglomeration of the parti¬ 
cles by a suitable surface film.’ Coalescence may be pre¬ 
vented by a non-electrical film, by an electrical film (electrical 
charge), or by any combination of the two. An electrical 
suspension is due to the preferential adsorptiom of some ion. 
So long as the particles arc all charged positively or all nega¬ 
tively they will repel each other and will not coalesce. Neu¬ 
tralization of the charge causes precipitation through agglom¬ 
eration. 

If we have a suspension which is stabilized by the pref¬ 
erential adsorption of hydrogen ion from hydrochloric acid 
solution, we have in the solution free hydrogen ions, free chlorine 
ions, and the adsorbed hydrogen ions which make the suspen¬ 
sion behave like a cation though with a different migration 
velocity from that of hydrogen. If the suspension adsorbs an 
anion in an amount equivalent to the hydrogen ion adsorbed, the 
suspended particles will be electrically neutral. We get this by 
adding an electrolyte, preferably with a readily adsorbed anion. 
Since we are dealing with selective adsorption, the concen¬ 
tration in the solution of the added anion necessary to cause 
an adsorption equivalent to the hydrogen adsorption will 
vary with each anion. Since we are dealing with prefer¬ 
ential adsorption, the nature of the cation must have an ef¬ 
fect. To put the matter more generally, the amount of an 
electrolyte necessary to precipitate any given suspension 
will vary with the nature of the cation, the anion, and the 
disperse phase. This is not the usual way of stating the case. 
It is usually considered that only cations count in the case of 


* Bancroft; Jour. Phys. Chem., iS, 552 (1914). 
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negatively charged sols, that only anions count in the case of 
positively charged sols, that the univalent ions all cause co¬ 
agulation at approximately the same concentration, the bi¬ 
valent ions at a lower concentration which is practically the 
same for all bivalent ions, and the trivalent ions at a stiU 
lower concentration.* The matter has been stated pretty 
clearly by Hober.- “Some general rules apply, among them 
the law fost formulated by Hardy® that the precipitation of 
positive colloids depends chiefly on the anion and the pre¬ 
cipitation of negative colloids chiefly on the cation; and also 
the law formulated a long time ago by Schulze* that the pre¬ 
cipitating power of the active ions is a function of its valence 
or of the number of electrical charges, which it carries. Of 
course there are other factors besides these two rules and these 
factors will now be discussed more carefully; the especial 
effect of organic ions has already been mentioned.” 

Everybody recognizes that hydrogen and hydroxyl ions 
are not to be classed with the other univalent ions because 
they are usually adsorbed much more strongly,® and every¬ 
body recognizes that there are other exceptions; but I have 
found no clear recognition of the fact that Schulze’s law is 
merely a first approximation. In case of doubt it is generally 
safe to assume that an ion of higher valence will be adsorbed 
more than one of lower valence; but it is a mistake to consider 
this so-called law anything more than a guide. Since we 
are dealing with selective adsorption we shall expect to find 
that some tmivalent ions will be adsorbed by some substances 
more than some bivalent or trivalent ions. This is shown 
clearly in data by Oden on colloidal sulphur, given in Table I. 
In the second column are given the liminal concentrations 
in gram atoms of the cations per liter necessary to coagulate 

‘ Cf. Freundlich: Kapillarchemie, 350, 354 (1909); Zsigmondy: Kolloid- 
chemie. 54 (1912); Hatschek: An Introduction to the Jliysics and Chemistry 
of Colloids, 33 (1913) 

“ Physikalische Chemie der Zelle und Gewebe, 283 (1914). 

• Zeit. phys. Chem., 33, 385 (1900). 

‘Jour, prakt. Chem., (2) 25, 431 (1882): 27, 320 (1884). 

‘ Freundlich: Kapillartdiemie, 354 (1909). 



Neutralization oj Adsorbed Ions 


365 


the sulphur; in the third column are given the reciprocals of 
these values, the atomic precipitating power so-called. 

Table 1 


Coagulation of Sulphur at i8°-20° 


Salt 

Liminal value gram-atoms. 

Atomic precipitating 

Cations per liter 

power of cation 

nci 

; 6 

0.16 

LiCl 

0.913 

I. I 

NH4C1 

0.435 

! 2.3 

(NH.)2S()4 

0 600 

1 ^'7 

NH4N03 

, 0.506 

I 2.0 

NaCl 

0 153 

i ^ ^ 

Na2S04 

0 176 

5.7 

NaNOs 

; 0.163 

1 6 1 

KCl 

0.021 

47 5 

K 2 SO 4 

0.025 

39-7 

KNOs 

0 022 

45-5 

RbCl 

0.016 

; 63 

CsCl 

0 009 

i 108 

MgS04 

0.0093 

107.5 

Mg(NOa )8 

0.0080 

1 125 

CaCh 

0.0041 

! 245 

CaCNOsls 

0.0040 

1 247 

Sr (N 03)2 

0.0025 

1 385 

BaCb 

0.0021 

475 

Ba(N (),)2 

0 0022 

461 

ZnS04 

0.0756 

13.2 

Cd(N03)2 

0.0493 

20.3 

AICI3 

0.0044 

227 

CUSO 4 

0.0098 

! 102 

Mn(N03)2 

0.0096 

i 105 

Ni(N03)2 

0.0446 

22.4 

U 02 (NOs )2 

0.0137 

‘ 73 


Under the conditions of Oden’s experiihents, sulphur is a 
negative colloid and the precipitation is therefore due to an 
adsorption of cations. The first thing to be noticed is that 
hydrogen ion is not adsorbed strongly by sulphur, the pre¬ 
cipitating power of hydrochloric acid being much less than 
that of lithium, ammonium, sodimn, potassitun, rubidium, 
or caesium chloride. Instead of these univalent cations 
precipitating at the same concentration, the required concen- 
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tration of lithium chloride is in round numbers one hundred 
times that of caesium chloride. The liminal values for barium 
and strontium are nearly equal, but calcium chloride requires 
a distinctly higher concentration. If we take the different 
bivalent ions the values range from 0.0756 for zinc to 0.0022 
fcxr barium, a ratio of over thirty to one. The univalent 
ion caesium has a greater precipitating power than the bi¬ 
valent zinc, cadmium, nickel, and uranyl; and about the 
same precipitating power as the bivalent copper, manganese, 
and magnesium. The trivalent ion aluminum has about the 
same precipitating power as the bivalent calcium and dis¬ 
tinctly less precipitating power than bivalent strontium and 
barium. The specific nature of the adsorption comes out 
extraordinarily clearly with sulphur, practically the only ortho¬ 
dox thing being that nitrate, chloride, and sulphate behave 
practically alike, though even here Od6n considers that sul¬ 
phate has a slight protecting action. This specific nature 
appears more clearly perhaps if we arrange the cations in order, 
the one with the greatest precipitating power coming first; 
Ba, Sr>Ca, Al>Mg, Cs, Mn, Cu>U02>Rb>K>Ni, Cd, 
Zn>Na>NH4>Li>H. 

Sulphur is admittedly an extreme case, but Freundlich* 
gives data for colloidal platinum from which I deduce the 
order: Al, Pb>Ba, U02>Ag>K, Na. Bivalent lead has 
practically the same precipitating power as trivalent aluminum. 
Univalent silver is nearer to bivalent uranyl and barium than 
to univalent potassium and sodium. If more cations had 
been studied we should very likely have got more distinct 
evidence to specific action. As it is, it takes 130 millimols 
NaOH per liter to coagulate the platinum and only 2.5 milh- 
mols NaCl. The change from chloride to hydroxide has a 
more marked effect than the change from sodium to barium. 
It seems very probable that barium hydroxide would have no 
greater precipitating power than sodium chloride. From 
Pappadi’s experiments with colloidal silver* I deduce the fol- 

^ Kapillarchemie, 352 (1909). 

* Pappad4, Gazz. chim. ital., 42 I, 263 (1912). 
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lowing order of adsorption: A 1 > Ba, Sr, Ca > H > Cs > Rb > K > 
Na> Bi. From these data Pappadi concludes that the migra¬ 
tion velocity is the determining factor with the univalent ca¬ 
tions; but this cannot be true. The difference between 
aluminum and hydrogen is not very great, one drop of M/io 
HCl producing a coagulation and one drop M/20 AlClj. In 
tenth-normal solutions potassium iodide, nitrate, and sulphate 
produce no coagulation. The reason given by the author 
is that these anions react with the colloidal silver. In nor¬ 
mal solutions the iodides, nitrates, and sulphates are said 
to precipitate at the same concentrations as the correspond¬ 
ing chlorides and bromides. The effect of concentration is a 
little obscure in other respects since 5 or 6 drops of normal 
KCl precipitate 2 cc o. 06% Ag, whereas it takes only 30 drops 
N/10 KCl to produce precipitation. The essential thing 
from my point of view is that the different univalent cations 
have different liminal values; the difference between hydro¬ 
gen and lithium is greater than that between hydrogen and 
aluminum. 

From experiments on mastic’ we get the data given in 
Table II. 


Salt 

NaCl 
AgNOa 
HgNOa 
HCl 
CaCU 
BaCb 
ZnS04 
Al2(S()4).1 
AlsCNOa)* 

FeCl, 

If we consider the mercury in mercurous nitrate as a 
univalent ion, it is very much out of place, precipitating at 

* Pieundlicb: Kapillarchemie, 367 (1909). 


Table II 


Coagulation of Mastic 


! Liminal value, gram atoms I 

Atomic precipitating 
power of cation 

1 ^ ^ 

■ J 

0 125 i 

1 8 

; 0.00125 

800 

0 OJO 

100 

0.025 

\ 

, 0.025 

j 40 

! 0.050 

1 20 

0.0004 

2500 

0.0004 

2500 

0.0003 

3300 
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much lower concentrations than the barium, calcium and 
zinc salts. Of course the formula should be written Hg2- 
(NO.<i) 2 with Hga as a bivalent ion.‘ In this case the precipi¬ 
tating power becomes 1600 instead of 800, which puts it up 
much nearer the trivalent cations than the bivalent ones. 
The order of cations is: Fe, Al>Hg2>H>Ba, Ca>Zn>Ag> 
Na. Only three anions are given in the table, so it is im¬ 
possible to tell what effect the anions have. A good many 
experiments have been made on mastic with different acids 
but the degree of electrolytic dissociation varies so as to make 
these results inconclusive. With Prussian blue Pappad^- 
found the order of the cations to be: Fe, Al, Cr>Ba, Cd>Sr, 
Ca>H>Cs>Rb>K>Na>Li- Sulphates, nitrates, chlo¬ 
rides, bromides, and iodides all behaved alike. Practically 
the same order of cations was obtained for copper ferro- 
cyanide.* In the cases studied by Pappad^ the specific ad¬ 
sorption appears to play a very small part. The data for 
arsenic sulphide,however, give us variety enough. The 
order of cations is Ce, In, benzidine, Al>new fuchsine, crys¬ 
tal violet > quinine > morphine, UO2 Sr, Ca>Be, Zn, Ba> 
Mg > p-chloraniline, toluidine > aniline > strychnine >guani- 
dinc>H>K>Na>Li. The organic cations come in where 
they please and play havoc with any rule as to valency. 
The chlorides and nitrates give practically the same values 
and the vsulphates are not far out of line, though it seems 
probable that the restraining power of sulphate is rather 
greater than that of chloride or nitrate. The liminal values 
in gram atoms of the cation per liter are 0.0056, 0.0066, 
0.0086, o no and >0.240 for potassium nitrate, sulfate, 
formate, acetate, and citrate, from which one can deduce 
that the order of adsorption of anion is: citrate>acetate> 
formate > sulphate > nitrate, chloride. It is a great pity 


' ()Kg Zeit. phys. Chem , 27, 285 (1898). 

" Zeit Kolloiddiemie, 6, 83 (1910). 

Pappada Ibid., 9, 136 (1911). 

^Freundheh- Kapillarcheniie, 351 (1909); Freundlich and Schucht: Zeit. 
phys. Chern., 80, 564 (1912). 
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that Freundlich did not try other combinations, such as barium 
acetate for instance. 

From the experiments on hydrous ferric oxide,' the order 
of adsorption of the precipitating anions appears to be Cr207> 
SO4 > OH > salicylate > benzoate > formate > Cl > NO3 > Br > I, 
while the order for the cations is: H>Ba>Mg>Tl, Na, K. 
The univalent ions do not all behave alike and neither do the 
bivalent ones; but the upholders of Schulze’s law can comfort 
themselves with the fact that the two sets do not overlap 
except in the case of hydrogen. There is no vSuch comfort 
in the case of albumin. I have shown- that the probable 
order of adsorption of anions, so far as known, is: sulpho- 
cyanate, iodide > chlorate > nitrate > chloride > acetate > phos¬ 
phate > sulphate > tartrate, the sulphocyanate ion being ad¬ 
sorbed the most and the tartrate ion the least. Here there 
is nothing even to suggest Schulze’s law and the firm belief 
which most people have in vSchulze’s law is probably one 
reason for the marked failure to account satisfactorily for the 
phenomena with aluminum. With the cations albumin ap¬ 
pears to be fairly orthodox for the order of adsorption appears 
to be Th, U02>Cu, Zn>Ca>Mg>Li>K, Na>NH4, though 
even here the lithium stands higher in the series than it has 
been found with other substances. 

While there is unquestionably a tendency for ions of a 
higher valence to be adsorbed more strongly than ions of a 
lower valence, the experiments which have been cited show 
that there are many exceptions and that the fundamental 
rule is that the adsorption is specific both as regards the ad¬ 
sorbing substance and the ion adsorbed. 

Since the important thing in the neutralization of an ad¬ 
sorbed ion is the adsorption of an ion of the opposite charge, 
we may get neutralization when we have a colloid with the 
opposite charge. In other words, we may neutralize an ad¬ 
sorbed ion with another adsorbed ion instead of by a free ion. 

^ Freundlich; Kapillarchemie, 352, 358 (1909); Zsigmondy: Kolloid- 

chemie, 181 (1912); PappadA: Zeit. Kolloidchemie, p, 233 (1911)* 

2 Bancroft: Jour. Phys. Chem., ip, 352 (1915)- 
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The usual statement is that sols having the same charge do 
not affect each other perceptibly, while sols having opposite 
charges precipitate each other. ^ Neither of these statements 
is as accurate as it should bte. I shall take up first the case 
of sols having opposite charges. Positive and negative col¬ 
loids will precipitate each other when in proper proportions 
and provided adsorption takes place.* I see no theoretical 
reason why we should not have a positively charged and a 
negatively charged sol, neither of which adsorbed the other 
to any appreciable extent. In that case these two sols would 
not precipitate each other. Since complete neutralization 
takes place only when one sol has adsorbed the amount of the 
sol carrying an equivalent amount of the ion having the op¬ 
posite charge, it follows that the amount of one sol necessary 
to precipitate a given amount of another sol will vary with 
the degree of adsorption; it will therefore be a specific prop¬ 
erty and not an additive one. This can be tested experi¬ 
mentally on data by Biltz given in Table III.* 


Tablb III 

1.4 mg gold completely precipitated by 


Ce 02 

FeaO, 

ThOj 

Zr02 

Cr^Os 

AljO, 

4 

3 

2.5 

1.6 

0-3 

0. i-o 2 mg 


28 mg SbaOs completely precipitated by 

PeiOj 

ThO, 

CeOa 

ZrOa 

CrCh 

A 1 , 0 , 

32 

20 

II 

6.5 

3 0 

2.0 mg 


24 mg Ag2S3 completely precipitated by 

FejOd 

ThOs 

CeO'i 

ZtOi 

AlaOs 

Cr, 0 , 

13 

6 

4 

2 

2 

0 5 mg 


■ Kreundlich: Kapillarcheniie, 444 (1909); Zsigmondy: Kolloidchemle, 
36 (1912); Hober: jPhy.sikalische Chemie der Zelle und Gewebe, 294 (1914). 

« Bancroft; Jour, Phys. Chem., 18, 555 (1914). 

’ Preundlich Kapillarchemie, 445 (1909). 
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Alumina is more effective than chromic oxide in precipi¬ 
tating antimony sulphide and much less effective in precipi¬ 
tating arsenic sulphide. The alumina must therefore be ad¬ 
sorbed more by antimony sulphide than chromic oxide while 
the reverse must be true for arsenic sulphide. Cerium oxide 
is less effective than ferric oxide and thorium oxide in pre¬ 
cipitating gold, but is more effective than either of these in 
precipitating the sulphides of antimony and arsenic. The 
phenomenon is thus specific, varying with the nature of the 
two colloids. This seems not to have been realized before. 
In fact Freundlich* says definitely that “one seems to find 
approximately the same order regardless of what sol is to be 
precipitated.” This statement is true, but it misses the im¬ 
portant thing in the experiments which was that the order 
was not always the same. 

We can now take up the case of sols having the same 
charge. The statement that neither has any perceptible 
effect on the other is based solely on the fact that no precipi¬ 
tation occurs. We know, however, that cases of adsorption 
are not limited to colloids or electrolytes having opposite 
signs. Charcoal adsorbs both bases and acids. Silver bro¬ 
mide adsorbs silver ions or bromine ions as the case may be. 
There is therefore no theoretical reason why precipitated 
hydrous ferric oxide might not adsorb chromic oxide and 
vice versa. If the precipitated substance will do this there 
is no reason why the peptonized substance should not. Nager-* 
has recently shown that this does occur and that it accounts 
for the behavior of mixtures of chromic and ferric salts with 
excess of alkali. Hydrous chromic oxide is peptonized by 
caustic potash while hydrous ferric oxide is not. If the chro¬ 
mium salt is present in large amount relatively to the iron salt, 
the ferric oxide will adsorb the peptonized chromic oxide 
and be peptonized by it, going apparently into solution. 
If the ferric salt is present in excess, it will adsorb the pep¬ 
tonized chromic oxide carrying it out of the liquid phase. 

’ Kapillarchemie, 445 (1909)- 

* Jour. Phys. Chem., 19, 331 (i 9 » 5 )- 
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It is to be noticed that the chromic oxide, when in excess, 
acts as a so-called protecting colloid to the iron oxide. Every¬ 
body is familiar with the fact that gelatine is adsorbed by 
colloidal gold, for instance; but that is usually treated imder 
the heading of protective colloids rather than under the head¬ 
ing of mutual action of two colloids. The case of chromic 
and ferric oxides is merely another illustration of the fact 
that the distinction between a suspension colloid and an emul¬ 
sion colloid is now arbitrary and unsatisfactory.^ 

Coming back for a moment to the behavior of two oppo¬ 
sitely charged colloids, there is a special hypothetical case 
which is perhaps worth mentioning. Suppose we have two 
sets of finely divided particles neither of which adsorbs the 
other appreciably, and let us also suppose that one set of parti¬ 
cles adsorbs a given cation very strongly, while the other set 
of particles adsorbs a given anion very strongly. If we take 
a mixture of these two sets of particles and add a small amount 
of the salt of the given base and the given anion, we shall 
have a colloidal solution which will conduct electricity very 
well but which will contain no free ions to speak of because, 
by definition, the cations have been practically completely 
adsorbed by one set of particles and the anions by the other 
set of particles. This particular case has not been realized, 
but an intermediate one seems to have been found by McBain 
and Martin^ in sodium palmitate solutions. 

“Most authors since Kahlenberg and Schreiner* have, 
as a matter of course, ascribed the conductivity exhibited by 
soap solutions largely to free alkali hydroxide. In previous 
papers from this laboratory the same tentative suggestion 
was made, but it was each time clearly stated that it was only 
a working hypothesis until these experimental data should 
be ascertained. Now it is certain that the conductivity of 
soap solutions is, only to a very minor extent, due to hydroxyl 
ions. Further, on account of the fact that the rise of boding 

* Bancroft; Jour. Phys. Chem., l8, 556 (1914). 

* Jour. Chem. Soc., 105, 965 (1914). 

* Zeit. phys. Chem , 37, 553 (1898). 
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point in certain soap solutions is practically all required to 
account for the sodium ions alone,’ the conductivity cannot 
be wholly ascribed to simple palmitate ions. The sugges¬ 
tion we made is that we have here a new type of aggregate 
or micelle, the mobility of which, owing to the reasons given 
in the paper cited, is comparable with that of a true anion. 
Of course, further investigations are proceeding in this labora¬ 
tory in order to bring this to the test of direct experiment. 
Incidentally, the above shows, further, that undissociated 
soap is present chiefly or entirely in colloidal form.” 

As I see the matter the sodium palmitate is hydrolyzed 
and the hydroxyl ions are adsorbed to a great extent by the 
undissociated palmitate and possibly by the insoluble palmi¬ 
tate acid also, though this seems less probable. The ad¬ 
sorbing substance thus becomes the anion, owing to the ad¬ 
sorbed hydroxyl. Because of electrometric measurements, 
McBain- considers that there is practically no hydrolysis. 
Electrometric measurements only show the concentration 
of hydroxyl ions in .solution. I do not believe for a moment 
that an adsorbed hydrogen ion or hydroxyl ion behaves elec- 
trometrically like a free hydrogen or hydroxyl ion. An ad¬ 
sorbed chlorine ion, for instance, would not give a test with 
silver nitrate. Under these circumstances the electrometric 
measurements are satisfactory for showing the concentration 
of hydroxyl ions in the solution, but they are utterly worth¬ 
less for showing the degree of hydrolysis of sodium palmitate. 
For the same reason I am very sceptical as to any conclusion 
in regard to albumin solutions which is based on electro¬ 
metric measurements.” 

The adsorption of an ion by a colloid gives us an elec¬ 
trically charged colloid with a migration velocity of its own. 
This migration velocity, so far as studied, is of the general 


^McBain: Trans. Faraday vSoc, 9, 99; Zeit. Kolloidchemie, 12, 256 

(1913)- 

2 McBain and Martin: Jour Chem. Soc., 105, 957 (1914). 

3 Bancroft Jour. Phys. Chem., 19, 349 (1915)* 
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order of magnitude of free ions.‘ Consequently, the pres¬ 
ence of a colloid may increase or decrease the conductivity 
of a solution. Raffo and Rossi* found that colloidal sulphur 
cuts down ■ the conductivity of sulphuric acid and sodium 
sulphate solutions very much. Patem6 and Cingola* also 
found a marked decrease when tannin was added to a potas¬ 
sium chloride solution. In many cases, however, there was 
no apparent effect. Of course, if the colloid adsorbs both 
ions or the undissodated salt, the conductivity will necessarily 
decrease^ and we do not know whether the marked change 
with tannin, potassium chloride and water is due to a change 
of migration velocity or to a wholesale removal of potassium 
chloride from the solution. Patten once described what al¬ 
ways seemed to me a very interesting experiment. He 
placed a coarse powder in a dilute solution of an electrolyte, 
allowed the powder to settle, and measured the conductivity 
of the supernatant liquid. He then stirred the solution and 
measured the conductivity again while the powder was sus¬ 
pended between the electrodes, finding an increase in conduc¬ 
tivity. The powder adsorbed one ion and of course carried 
the other down with it when it settled. So far as I know, 
this experiment has never been published and I cannot give 
numerical data. My impression is that the paper was pre¬ 
sented at the Toronto meeting of the American Chemical 
Society. 

The general results of this paper are: 

1. The neutralization of an adsorbed ion is due to specific 
adsorption. The concentration of a given electrolyte neces¬ 
sary to neutralize the charge on a given colloid will therefore 
depend on the nature of the cation, the anion, and the colloid. 

2. It is inaccurate to say that the cation is negligible 
in the precipitation of a positive colloid and the anion in the 


* Zsigmondy: Kolloidchemie, 46 (19x2). 

2 Gazz. chim. ital., 42 II, 326 (1912). 

“ Ibid*, 44, I, 36 (1914). 

^ Wolfgang Ostwald: "Gedenkboek aangeboden aan Van Beminelen/* 269 

(1910). 
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precipitation of a negative colloid, though this statement is 
often approximately true. 

3. Univalent ions are not all adsorbed alike; nor are bi¬ 
valent ions or trivalent ions. The order of adsorption is spe¬ 
cific with each colloid and is not determined exclusively— 
and perhaps not at all—by the migration velocity or solution 
pressure of the ion. 

4. Since the adsorption is specific, Schulze’s law is only 
an approximation. Certain univalent ions are adsorbed by 
certain colloids more than certain bivalent or trivalent ions. 
In many cases there is, however, a marked tendency to in¬ 
creased adsorption with increasing valence. 

5. Mixtures of two sols will not precipitate each other 
unless adsorption takes place. 

6. Since adsorption is specific, the order of precipita¬ 
tion of a negative sol by a number of positive sols will not 
necessarily be the same for any two negative sols. 

7. It is not accurate to say that two sols having the same 
sign have no effect one upon the other. Adsorption may, and 
often does, take place. 

8. Hydrous chromic oxide, which is peptonized by caus¬ 
tic potash, may act as a protecting colloid for hydrous ferric 
oxide, which is not peptonized by caustic potash. 

9. Since an adsorbed ion does not necessarily give the re¬ 
actions of a free ion, electrometric measurements may, and do, 
lead to false conclusions when applied to colloidal solutions. 

10. It is probable that sodium palmitate solutions are 
hydrolyzed to a very much greater extent than appears from 
electrometric measurements. 

11. If two colloidal sols did not adsorb each other appre¬ 
ciably and if one adsorbed the cation of a given electrolyte 
very markedly, while the other adsorbed the anion of the 
same electrolyte very markedly, the addition of a small 
amount of the electrolyte to a mixture of the two colloids 
would produce a solution which would conduct electricity 
without there being any appreciable amount of substance in 
true solution. 
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12. In sodium palmitate solutions, it seems probable 
that the hydroxyl ions set free by hydrolysis are adsorbed 
practically completely by the colloidal soap. 

13. Addition of a colloid to a solution will increase or 
decrease the conductivity if the adsorbed ion has a greater 
or lesser migration velocity than the ion adsorbed. In so 
far as both ions are adsorbed the conductivity will decrease. 

14. When adsorption by a colloid causes hydrolysis, the 
conductivity will depend also on the nature of the products 
of hydrolysis. 

Cornell University 



A COLLODION DIFFUSION CELL FOR USE IN 
DIALYvSIS. 


BY T. R. BRIGGS 

Collodion membranes for use in dialysis have been described 
and studied by Bigelow and Gemberling,* who, having re¬ 
viewed the literature very completely, recommend the prepara¬ 
tion of collodion sacs for dialysis by Novy’s method. Recently, 
however, I found myself called upon to separate several 
colloid and semi-colloid dyes by the diffusion method and, 
on attempting to prepare collodion sacs according to Novy’s 
directions, found that the operation required considerable 
practice before it could be carried out successfully. Parch¬ 
ment diffusion thimbles were not conveniently at hand, so 
the following procedure was adopted: 

A large Soxhlet extraction cartridge (8o x 25 mm) com¬ 
posed of rather thick filter paper was filled with a collodion 
solution (Kahlbaum’s Ph.G.V), and emptied again as soon as 
the solution had completely impregnated the pores of the paper. 
The cartridge was allowed to “dry” for a few moments until 
the collodion had set; thereupon, the filling and emptying 
process was repeated. In this way three coats of collodion were 
applied to the interior of the cartridge. 

Baranetzky’-* has observed that a collodion membrane 
which has completely dried out is practically impervious to 
water, while if the freshly prepared membrane be placed into 
water before the alcohol present has completely evaporated, 
the result is a film of pyroxylin quite permeable to water. 
Accordingly, the cartridge prepared as described cannot be 
allowed to dry out in the air, but must be immersed in water 
and kept under water until used. After the third coait of 
collodion has been applied, the cartridge is dried in a current 
of air until practically all the ether of the mixed solvent is 
removed, about ten minutes being required for this to occur. 

* Jour. Am. Chem. Soc., 39,1576 (1907). 

* Pogg. Ann 147, 219 (1872). 
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Thereupon, on immersing the cartridge in distilled water, the 
alcohol retained in the pores of the collodion is displaced 
quickly and completely by diffusion, and the cell is ready for 
use. 

The diffusion cells were tested qualitatively for imper¬ 
fections and leaks in the collodion membrane by carrying out 
diffusion tests, as follows; A cartridge was filled to within 
half an inch of the top with a mixed solution of sodium chloride 
and Congo red, a dye which forms non-diffusing and distinctly 
colloidal solutions.* On partially immersing the cell in dis¬ 
tilled water it was found that the sodium chloride dialyzed out 
while not a trace of congo red appeared in the diffusate; since 
the liquid stood higher inside the cell than outside, any leak 
would have been detected at once by the appearance of the red 
dye in the outer liquid. 

Comparative tests were next made of two parchment and 
two collodion diffusion cells by determining the amount of 
sodium chloride diffusing through the walls in twenty-four 
hours under carefully controlled and very nearly identical 
conditions. Foxu- cells of practically the same dimensions 
were employed, partly filled with 20 cc of standard (approxi¬ 
mately N/10) sodium chloride solution plus 25 cc of distilled 
water and placed in running tap water in a specially designed 
apparatus. After twenty-four hours the amount of salt left 
behind in each thimble was determined by titration with stand¬ 
ard silver nitrate. The results follow. 


Table I—Comparative Tests 
Parchment diffusion thimbles previously wdl soaked in water 
Collodion extraction thimbles (C. S. & S. No. 603) 



Parchment cells 

Collodion cells 

* 


No. I 

No, 2 

No. I ! 

1 

No. 2 

Time of test (hrs.) 

23 

23 

23 

23 

Volume of solution (cc) 

45 

45 

45 

45 

NaCl originally present (g) 

0.118 

0.118 

0.118 

0.118 

NaCl removed by diffusion (g) 

0.092 

0.092 

0.112 i 

0.113. 

Percent NaCl removed by d^usionl 

77.9 1 

77-9 

94*9 i 

94.8 


' Freundlich: Kapillarchemie, 564 (1909). 
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The results of the test were very favorable to the collodion 
membranes as the data indicate. The only apparent dis¬ 
advantage possessed by the collodion cells is a tendency to 
overflow because of water entering by osmosis, a phenomenon 
which is absent in the case of parchment. Bigelow has ob¬ 
served the same behavior. 

I have already called attention to the fact that collodion 
membranes lose their permeability if they are allowed to dry 
completely. This is due, without doubt, to irreversible changes 
leading to the collapse of the pores in the material. It would 
.seem, according to this theory, if one were to add to the original 
collodion solution some non-volatile liquid (or solid) soluble 
both in water and the ether-alcohol pyroxylin solvent, that 
under these circumstances the collodion film might be dried in 
the air and still retain the property of being permeable to 
water, on replacement of the non-volatile liquid in the pores 
by immersion in water. Experiment confirmed this most 
satisfactorily. 

Glycerine dissolves readily iu collodion solution and was 
employed in the following experiments: Three different col¬ 
lodion solutions were used to prepare the diffusion shells 
according to the method just described: Solution i contained 
no glycerine; No. 2 contained 4 percent glycerine by volume; 
Nos. 3 and 4 contained 6 and 10 percent, respectively. Soxhlet 
thimbles were coated on the inside with three layers of each 
solution and then dried in the air, thereupon the removal of 
volatile solvent was completed by heating in a water-oven for 
several hours. After several weeks had elapsed, the usual 
comparative tests were made, each cartridge being soaked in 
water to remove the glycerine from the membrane, before the 
tests were begun. The data follow. 

Table II— Comparative Tests 
(o) Cartridge with three coats of collodion No. i. Dried in 
air. Weight of collodion when dry: 0.430 g. Percent NaCl re¬ 
moved by diffusion in 24 hrs.: 45.8. 

(b) Cartridge with three coats of collodion No. 2. Dried in 
air. Weight of collodion when dry: 0.580 g. Percent NaCl re¬ 
moved by diffusion in 24 hrs.: 75. 
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(c) Cartridge with three coats of collodion No. 3. Dried in 
air. Weight of collodion film when dry; 0.886 g. Percent NaCl 
removed by diffusion in 24 hrs.: 89.2. 

(d) Cartridge with three coats of collodion No. 4. Dried in 
air. Weight of collodion when dry: 1.089 g- Percent NaCl re¬ 
moved by diffusion in 24 hrs.: 88.4. 

(e) Parchment thimble. Percent NaCl removed by diffusion 
in 24 hrs.: 83.6. 

(0 Collodion thimble made according to Novy’s method 
without use of filter-paper Soxhlet thimble. Percent NaCl re¬ 
moved by diffusion in 24 hrs.: 99.6. 

These data show that the amount of glycerine in the 
dried collodion membranes varied up to approximately 60 
percent by weight, and that the permeability of the cells in¬ 
creased as the glycerine content rose to about 50 percent, 
after which it remained practically constant. The collodion 
cells are more efficient than parchment thimbles, though they 
are less so than the beautiful transparent sacs formed directly 
from collodion. The ease with which the cartridges are pre¬ 
pared and their durability more than makes up for the lower 
efficiency. vSeveral cartridges prepared with glycerine have 
been kept for more than eight months without losing their 
effectiveness as dialyzing cells. 

The results of this paper may be summarized as follows: 

1. Collodionized Soxhlet extraction thimbles have been 
suggested as convenient cells for dialysis. 

2. The construction of such cells has been described and 
comparisons have been made with parchment diffusion shells. 

3. By the addition of a small amount of glycerine to the 
collodion solution the cells may be prepared so that they may 
be dried completely without losing their permeability to water. 
vSuch cells may be kept for a long time before usifig. 

4. The new form of collodion diffusion cell is more efficient 
than the ordinary type of parchment thimble, but is less 
efficient than collodion sacs prepared by Novy’s method. 

IVorcesier Polytechnic InsMute 
Cornell University 



ON THE REACTIONS OF BOTH THE IONS AND THE 
MOLECULES OF ACIDS, BASES AND SALTS 

ON THE CONDUCTIVITY AND IONIZATION OF SOD¬ 
IUM ETHYLATE, POTASSIUM ETHYLATE, LITH¬ 
IUM ETHYLATE, SODIUM PHENOLATE, POTAS¬ 
SIUM PHENOLATE, LITHIUM PHENOL¬ 
ATE, SODIUM PHENYLTHIOURAZOLE, 
SODIUM IODIDE, SODIUM BRO¬ 
MIDE AND MIXTURES OF 
THESE ELECTROLYTES IN 
ABvSOLUTE ethyl AL¬ 
COHOL AT o°, 25° 

AND 35° 

BY H. C. ROBERTSON, JR., AND S. E. AGREE 
[Nineteenth Communication' on Catalysis] 

The investigation now in progress in this laboratory on 
the mechanism of the reactions of alkyl halides with urazoles, 
ethylates and phenolates has indicated that, in these reac¬ 
tions, both the molecules and the ions of the last three take 
part. It has, therefore, become necessary to measure the 
dissociation of all these electrolytes in absolute ethyl alcohol; 
and since, in the course of the reactions studied, halogen salts 
are formed, a study of the conductivities of mixtures of these 
salts with both ethylates and phenolates was also advisable.'' 

' For references to the earlier work see Am. Chem. Jonr., 49, 474 (1913). 
(We have been aided in this investigation by two grants from the Bache Fund 
of the National Academy of Sciences and by a grant from the Carnegie In¬ 
stitution of Washington.) 

* The experimental portion of this investigation was done by Dr. H. C. 
Robertson in 1909-10. We have delayed publication until we could finish this 
entire chapter on catalysis; although this is not yet complete it is thought best 
to publish now the incomplete data. Work is being continued now by more 
accurate methods on the conductivities, viscosities, specific gravities, indices of 
refraction, and reaction velocities of all the solutions used in this study of 
catalysis. We are indebted to Mr. W. A. Gruse and Dr. W. A. Taylor for many 
of the calculations. 
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In discussing the conductivities of individual electrolytes 
in nonaqueous solvents reference should- be made to the work 
of Carrarra,' Goldschmidt,'^ Lapworth,’ Bredig,'* Jones® and 
others on the conductivities of electrolytes in alcohols, to the 
work of Franklin,® Kraus and others on ammonia, and amines 
as solvents, to a discussion by Kraus’ and Bray of a number 
of investigations of nonaqueous solutions and a general dilu¬ 
tion formula, and to the work of Walden* and of Sachanov* 
on organic solvents having small dielectric constants. Espe¬ 
cial attention is called to the recent work and to the dilution 
formula of Kendall. 

It is a deplorable fact that very few investigators of con¬ 
ductivity have striven to make the measurements with the 
greatest accuracy, and we have therefore attempted to im¬ 
prove upon the technique employed by studying the con¬ 
ductivity cells, the baths, temperature regulation, the bridge 
and resistances, the methods of making and handling the 
solutions, and the so-called electrode phenomena. We are 
indebted to Dr. Curtis'* and Dr. Wenner, of the National 


* Gazz. chim. ital., 26, 1 , 119 (1896); 33, 1 , 241 (1903); Ahrens’ Sammlung, 
12, 403 (1908). 

2 Zeit. Klektrochemie, 15, 6 (1909); Zeit. phys. Chem., 60, 728 (1907); 
70, 627 (1910), 81, 30 (1912). 

•‘Jour Chem. Soc., 93, 2163, 2203 (1908); 97, 21 (1910); 99, 1417, 2224 
(1911); loi, 2249 (1912); 103, 252 (1913). 

^ Zeit Klektrochemie, 9, 118 (1902); 10, 586 (1903), ii, 528 (1907); 18, 
535» 539 (1908), and recent papers by Miller, Braune and Snethlage. 

•’ Sec the articles in the Am. Chem. Jour, and the Publications by the 
Carnegie Institution of Washington. 

® Am. Chem. Jour., 23, 277 (1900); Jour. Am. Chem. Soc., 26, 499 (1904); 
27, 191 (1905); 29, 1389 (1Q07); Zeit. phys. Chem., 69, 290; Jour. Phys. Chem., 
iSi f )75 (1911), Proc. A. A. A. S, 51, 366. 

’ Jour. Am Chem. Soc., 35, 1315 (1913). 

* See Jour. Am. Chem. Soc., 34, 1631 (1908), for a general review. Bull. 
Acad. Imp. Sc. de St Petersbourg, 1912, 305, 1055. 

® Zeit phys. Chem., 80, 20 (1912); 83, 129 (1913); 87, 441 (1914); Jour, 
russ, phys chem. Ges., 42, 683; 43, 526. 

Proc Roy. Soc,, 85A, 200; Meddel. frdn K. Vet. Akads. Nobelinstitut, 
2f Nos. 25 and 38; Jour. Chem. Soc, loi, 1275 (1912); Jour. Am. Chem. Soc., 
36, 1069 (1914). 

Curtis and Grover- Bureau of Standards Bulletin Vol. 8, No. 3. 
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Bureau of Standards, for much valuable advice, and the fine 
work of Washburn* and Bell shows what great improvements 
can be made in this line. 

Dr. W. A. Taylor is now using the excellent equipment 
of the Bureau of Standards in making a fundamental study 
of a large number of factors, some of which have already been 
investigated, while others have not heretofore been studied 
experimentally in conductivity work by physical chemists. 
As a result of this work he has already greatly improved the 
methods. With our .suggestions and aided by Dr. Curtis, 
he has studied; (i) the current from (a) induction coils, 
{b) a Holzer-Cabot wireless generator, (r) a General Electric 
Company large generator, (d) a vSiemens-Halske generator 
for conductivity work, and (c) a Vreeland oscillator, which 
we have found to be the best source of current yet tried, as it 
gives a pure sine wave of uniform frequency which can be 
varied very widely; (2) the voltage, which when varied from 
0.25 to 8 volts, has shown no influence on the resistance of the 
solutions measured so far in very clean tells, but is very im¬ 
portant in cells not entirely clean; (3) the size and shape of the 
electrodes, which have a very large influence on the change 
of resistance and capacity of the cell with change in fre¬ 
quency; (4) the material used in making the electrodes (Pt, 
Au, Ag, Cu, Zn, etc.), which is very important; (5) the state 
of aggregation of the surface of the electrode, as in plain, 
gray and platinized electrodes, which has a very great in¬ 
fluence on the capacity of the cell and change of resistance 
with change in frequency; (6) the frequency of the alternating 
current, which when varied may change the resistance of 
some solutions in some cells as much as 3 percent; (7) the high 
capacity of the cell as a condenser, which is very important 
in decreasing the change of resistance with change in fre¬ 
quency and in obtaining a perfect minimum in the telephone; 
(8) the valence and velocities of the different ions; (9) the 
influence of the concentration and the character of the elec- 


Jour. Am. Chem. Soc.. 35, 177 (J 9 U)- 
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trolyte and the solvent on the change of resistance with change 
in frequency: (10) the proper use of a condenser or inductance 
in balancing the capacity of the cell, and its influence on the 
resistance and minimum in the telephone; (ii) the con¬ 
struction of the cell in such a way that no errors from evapora¬ 
tion and concentration can be produced; (12) the use of a 
tuned telephone attached to a Stethoscope or of double wire¬ 
less telephones; (13) the construction of a Wheatstone bridge 
with Curtis resistance free from inductance and capacity, 
kept automatically at .constant temperature, and arranged 
so that every resistance can be checked against the others 
and against standard enclosed resistances; (14) the develop¬ 
ment of especially good constant temperature baths for such 
work; (15) the use of weight methods and special apparatus 
for making, keeping and transferring solutions; (16) a number 
of points connected with the proper use of all of the apparatus, 
especially the electrical equipment, to prevent errors arising 
from induction, capacity, electrical leaks, and other factors; 
(17) our criterion of excellent cells, namely, that each one must 
be independent of the above sources of error and givte read¬ 
ings constant to within o.oi percent, and especially that, 
whatever th? solution used, the ratios of the resistances in any 
tWo such cells must be constant to within o.oi percent. Only 
in this way can we be certain that the electrode effects have 
been practically eliminated and that we are measuring the 
true electrical resistance of the solution with great accuracy. 
By studying the electrode phenomena and other sources of 
error and correcting them we have now reached a precision of 
0.001 percent and an accuracy of about o.oi percent. The 
details of all this work will appear shortly in another article 
by Dr. W. A. Taylor. 

It is not difficult to duplicate measurements with the 
same solution to within o.i percent and we have therefore 
made separate measurements on duplicate solutions in all 
cases, and often on three or four solutions. In work of the 

‘ See Science for Taylor's address before the Physical Chemical Section of 
the American Chemical Society, New Orleans, April, 1915. 
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highest character all solutions should be made and analyzed 
by gravimetric instead of volumetric methods. Such pro¬ 
cedure, however, takes a great deal of time and is not war¬ 
ranted by the present investigation in which the values of 
the reaction velocities, K^, cannot, with the analytical method 
employed, be duplicated by the same or different observers 
to within much less than 1 percent. With this error, how¬ 
ever, we can easily test our theory that both ions and mole¬ 
cules react. We have therefore contented ourselves with 
the more rapid volumetric method, for the present and an 
inspection of Table XXXVIII shows that the sum of the 
conductivities for all the concentrations up to iV/ro24 in a 
given series agrees with the duplicate to within 0.35 percent, 
the average deviation being 0.15 percent. The duplicates 
for the individual concentrations rarely differ more than 0.5 
percent, although in a few cases it may reach i percent. Al¬ 
though we believe that the individual values of are cor¬ 
rect to witliin 0.5 percent for the more concentrated solu¬ 
tions, the error naturally becomes larger for the extremely 
dilute solutions. This phase of the work is of very great im¬ 
portance because we must know the limiting conductivity, 
Moo, in order to calculate the ionization, a. Many workers 
have tried to extrapolate Moo we show at the bottom of 
Tables VIII, IX, X, XXX, XXXI and XXXII that the use 

of the formula' Moo ~ the data from lith¬ 

ium ethylate and lithium phenplate prove them to be 
“weak” enough electrolytes to give nearly the same average 
value for “calc. Moo ” we get by direct measurement. 
But this formula and others do not apply well to the other 
electrolytes and in the present investigation we have at¬ 
tempted to determine the maximum molecular conductivities 
by actual measurement rather than by calculation. The diffi¬ 
culties involved in such measurements have been demonstrated 
by the poor agreement between the values found by different 

' See especially the excellent article by Derick: Jour. Am. Chem. Soc 
36, 2268 (1914). 
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observers. Turner* has measured the conductivity of 
potassium iodide in ethyl alcohol at dilutions of several 
hundred thousand liters and has discussed the possible 
sources of error in these measurements. In our work, 
we have tried to eliminate these sources of error as far 
as was practicable. Alcohol of low conductivity, accimately 
measiued, should be used and protected from the moistiue 
and carbon dioxide of the atmosphere in such an apparatus 
as the one illustrated in Fig. i, below. The style of 



ground glass joint prevents fine particles of glass from con¬ 
taminating the alcohol, while the soda lime and phosphorus 
pentoxide keep out acid and alkaline vapors. The cells and 
cell electrodes must be clean and free from adhering solvent, 
electrolyte, or liquid left from more concentrated solutions. 


* Am. Chem. Jour., 40, 558 (1908). 
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By great care the conductivities can be made to duplicate 
at Ar/1024 or Ar/2048, or beyond, well enough to obtain the 
limiting values of Mqo to within i percent. It is seen in the 
tables that good values can be obtained up to .V/8096 and 
fairly good measurements were made even up to iV/262,144. 
In solutions of both sodium iodide and sodium bromide, the 
maximum molecular conductivity was reached at a dilution 
of about 4000 or 8000 liters. In the case of sodium, potas¬ 
sium and lithium ethylates was apparently reached at a 
dilution as low as 2000 liters. From earlier work this was 
hardly expected, although when we consider the analogy 
of the latter with sodium hydroxide it is not .surprising. vSod- 
ium, potassium and lithium phenolates were found to reach 
their maximum at a slightly greater dilution. By plotting 
the limiting values of we can by inspection choose the 
values of jUjjo for the different electrolytes at 25° and 35° 
and these are given in Table XXXVII. In order to test 
these values further we have made use of the idea that the 
temperature coefficients for the dilute solutions of all these 
electrolytes in alcohol are the same. We have added all 
the chosen values of ij.^ at 0° for the different salts and like¬ 
wise at 25° and at 35°. By comparing these sums we find 
that on the average the value for at 25° is 1.662 times 
that at 0°, while at 35° the ratio is i .979. By adding 19.90, 
33.20, and 39.20, the three chosen values of Moo at 0°, 25° 
and 35 ° for sodium ethylate, for example, we obtain 92.30, 
and by dividing this in the ratios i .000 : i .662 ; i .979 we 
obtain the “calculated Hg,” at 0°, 25° and 35°, namely, 
19-89, 33.05 and 39.36, respectively. This was done for all 
the electrolytes, as shown in Table XXXVII, and it is seen 
that these “calculated” values ol Hgg correspond closely to 
those chosen, the deviation being generally less than 0.5 
percent, although reaching i percent in a few cases. We have 
used the chosen value throughout for calculating ot, which is 
given in Column V of each table; the data for a are significant 
only to the third figure, but we give four. A calculation on 
our work shows that in the reaction of ethyl bromide with 
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sodium ethylate an error of 0.6 percent in the value of 
makes a change of only o. 3 percent in the value of Kj and no 
change in .K*,, whereas the other experimental errors make 
the values of K< for the sodium, potassium and lithium ethyl¬ 
ates and ethyl bromide vary much more. Any error in the 
chosen is therefore much less than the sum of the other 
errors. It is clear, therefore, that the values of fjh, m 00 a 
are about as accurate as the deviations in Kn make it neces¬ 
sary to have them, and that the work allows us to prove the 
crucial point of our theory that both the ions and molecules of 
acids, bases and salts must be examined for chemical activities. 
In the study of “salt catalysis” and the effects of physical 
factors such as viscosity we shall repeat this work by the use 
of the more accurate methods. 

Two series of conductivities of sodium phenolate were 
measured. The first were made on solutions prepared by 
mixing equal volumes of solutions of sodium ethylate and of 
phenol of the same normality. The volume change due 
to mixing was found to be too small to affect the results 
appreciably. In the second series an excess of phenol was 
present and this excess was increased in constant ratio to the 
dilution. In this way, alcoholysis of the phenolate should 
be prevented. A comparison of the two series shows that 
sodium phenolate is probably slightly alcoholized in solu¬ 
tion, the values of the latter series being, in general, some¬ 
what lower than in the first, though not more than o. 3 percent, 
as can be seen from the summaries of the two series in Table 
XXXVIII. An excess of phenol was used with both the 
potassium and lithium phenolates. 

Another phase of this work of great import^ce was the 
question whether in any case the ionization follows the Ost- 
wald dilution law, as in such instances we cannot tell* whether 
the nonionized molecule or both ions together react. In all 
the tables we give the constant calculated by the formula 

__ (l—a)V ^ 

* Am. Chem. Jour., 43,516 (footnote), 519 (1910); 48,372-377 (1912); 49, 
477-480 (i9>3)- 
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and it is seen that the lithium ethylate and lithium phenolate 
are the only electrolytes “weak” enough to give an approxi¬ 
mate constant. The errors discussed above are so great 
that the data are significant only to the second figme, 
but we give three. The Ostwald constant for all the 
other electrolytes decreases steadily and we shall present in 
another paper the application of the formulas of Kendall 
and of Bray and Kraus to the more completed data. Even 
in the case of the lithium salts the constants for the N/i 
and N /2 solutions are somewhat smaller than the others, 
and this may be connected with both the viscosity and the 
use of a volume standard* instead of a weight standard. 

We have suspected- for some time that the differences 
in the viscosity of the different solutions will be found to have 
an influence on the velocity of movement of the different 
substances in solution and hence alter the reaction velocities 
in certain cases, and change the apparent percent of ioniza¬ 
tion of the various salts in the solution. If the ions of sodium 
ethylate move more slowly in the more viscous normal solu¬ 
tions than they do in the N/% solutions, the conductivity 
measurements will not give us a true measme of the relative 
percent of ionization in the two cases. We should be com¬ 
pelled, therefore, to make a correction for- the viscosity of 
the more concentrated solutions. No method is known ^t 
present, however, for doing this with certainty. One of us 
wrote of this problem to Professor A. A. Noyes, who at once 
kindly sent us two pages of a manuscript which he has since 
published.* Noyes’ method is to multiply the apparent 
percent of ionization of the salt in a given solution by some 

* Morse and Fraser; Am. Chem. J., 26, 80 {1901); 28, i (1902); 29, 173 
(1903); 3*1 93 (*904): 34 . I (1905): 36, I, 29 (1906): 37 . 324. 425. 558 (1907), 
and later papers. Carnegie Institution of Washington Publication No. 198. 
Lewis: J. Am. Chem. Soc., 30, 668 (1908). Acree and coworkers: Ber. deutsch. 
Chem. Ges., 41, 3222 (1908); Kendall: J. Am. Chem. Soc., 36, 1069 (1914)- 

* Am. Chem. Jour., 39, 231 (1908); 41, 480 (1909), and later papers. 

•Noyes, Lombard and Falk: Jour. Am. Chem. Soc., 33, 1424 (1911): 

34, 454 (1912); Washburn: Ibid., 33, 1464 (1911); Johnston: Ibid., 31, 1010 
(1908); Green: Jour. Chem. Soc., 93, 2049 (1908). 
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power of the ratio of the viscosity of this solution to that of 
the pure solvait. The power chosen by them as a first ap¬ 
proximation was unity. We believe, however, that this cor¬ 
rection is far too large. Table XXXIX gives a summary 
of .some measurements of the relative viscosities of solutions 
of sodium ethylate, sodium phenolate, sodium iodide and of 
various mixtures of these at 25° and 35°. These were made 
for us by Dr. J. Sam Guy, to whom we are greatly indebted 
for this and other favors. Tables III, IV, XII, XIII, XXII, 
XXIII and XXXIX show that the relation of the viscosities 
and the conductivities of N/i, N/2 and of N/4. solutions of 
sodium iodide, sodium phenolate and sodium ethylate at 
25° and 35°, for example, are such that if we were to apply 
Noyes’ method we should arrive at the conclusion that the 
percent of ionization is practically the same for the N/i, N/2 
and Ar/4 solutions of each salt. Such a conclusion is, how¬ 
ever, not in harmony with all of the known facts of physical 
chemistry and certainly is not borne out by our other experi¬ 
mental results. 

To illustrate in another way, the Ostwald constant for 
the A’^/4, iV/8 and N/\() solutions of lithium ethylate and 
lithium phenolate at 0°, 25° or 35° given in the tables are 
practically identical with those for the more dilute solutions. 
If the ratio Mit/moo used for each were multiplied by the cor¬ 
responding viscosity ratio Z,,/Zoo the Ostwald constant 
would be much too large, as would also those for N/x and N/2 
solutions. It may be that the influence of viscosity should 
be expressed as a function of the difference of the viscosities 
Z" and Zqo instead of the ratio used by Noyes, Washburn 
and others and that some formula such as 

Moo 

will be found a closer approximation to tlie truth. It is clear 
then that the ratio mJL„/ is much too large to express 
the ionization of these concentrated alcoholic solutions, and 
until further work can be done by the use of methods to give 
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us a direct measure of the real ionic velocities, solvation, 
etc., we do not see any clear way to correlate viscosity and 
ionization. We have therefore contented ourselves with the 
assumption that the ratio gives a much closer approx¬ 

imation for a in our concentrated alcoholic solutions than 
does the expression fi^ used by Noyes, and we have 
made all our calculations accordingly. When we have com¬ 
pleted all of our studies on viscosity, conductivity, ionic mo¬ 
bility, solvation, and the other relating factors, we can then 
make the proper corrections in K, and K„ and the other con¬ 
stants. 

It was of interest to us in studying the relation of the 
isohydric principle to viscosity and the influence of the ions 
and the molecules of electrolytes on viscosity to learn whether 
the viscosity of mixtures of electrolytes can be calculated from 
the viscosities of the separate solutions. This should be the 
case whenever the ionizations of the electrolytes remain un¬ 
changed on mixing and no other physical or chemical changes 
occur. The data in Table XXXIX show that the viscosities 
of mixtures of equal volumes of sodium iodide and sodium 
ethylate having the same concentration, and of sodium iodide 
and sodium phenolate having the same concentration, are 
close to the average of the viscosities of the separate solu¬ 
tions provided that they are not more concentrated than X '2. 
This w'as also found to be the case for the conductivities in 
Tables XVII, XVIII, XIX, XX and XXIII. The viscosi¬ 
ties of the mixtures of X, i solutions are less than the aver¬ 
age of the separate viscosities and it is notable that the con¬ 
ductivities of the mixtures of X: i solutions of sodium iodide 
and sodium ethylate are also less than the calculated, as is 
shown in Tables XVII and XX. The viscosities of the 
sodium iodide solutions increase directly in proportion to the 
concentration whereas the viscosities of the solutions of sodium 
etliylate and sodium phenolate increase more rapidly than 
the concentrations. This, then, gives us another way to 
study all these relationships and with more complete data 
we expect to try to see if the differences between the viscosity 
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of the solvent and the viscosities of solutions of electrolytes 
can be expressed as functions of the concentrations of both 
the ions and the molecules, as we do the reaction velocities: 
namely, Zj, = Z^a + Z„(i — a). 

Following the classical investigations of Arrhenius, Barm- 
water,* working with aqueous solutions, has shown that the 
conductivities of mixtiues of both strong and weak electro- 
l)rtes may be calculated from the known conductivities of 
the components by assuming that, in such solutions, the sol¬ 
vent is divided between the component electrolytes in pro¬ 
portion to their respective molecular concentrations. Barm- 
water has studied the conductivities of mixtures of potassium 
chloride, sodium chloride and potassium nitrate, as well as 
of mixtures of weak acids such as acetic, propionic, butyric, 
valerianic and glycollic acids. More recently he has studied 
the conductivity of mixtures of salts of weak acids, using 
sodium acetate and potassium acetate. In all of these cases 
it was found that the agreement between the observed results 
and those calculated from his theory was very satisfactory, 
excepting in the more concentrated solutions. In solutions 
of high concentration, the values observed were generally 
lower than those calculated. 

MacGregor,^ in his study of the conductivity of mixed 
electrolytes, has observed the same discrepancy. MacGregor 
has shown that the conductivities of mixtures of salts of 
acids could be calculated from the conductivities observed 
for the separate components. In a study of the conductivi¬ 
ties of mixtures of sodium chloride and potassium chloride 
it was found that, in dilute solutions, the agreement between 
the calculated and observed values was within the limits of 
experimental error. In higher concentrations the agreement 
was not so good. He pointed out that, while his method of 
calculation assumed that there were no changes in the ionic 
velocities of the constituents, due to the mixtime, such changes 

1 Zeit. phys. Chem., 28, 424 (1899); 45, 557 (1903); 56, 225 (1906). 

* Trans. Nova Scotia Inst. Sciences, 9, loi. 
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might occur and would account for the discrepancies ob¬ 
served. 

McIntosh* has continued the work of MacGregor, investi¬ 
gating in particular these abnormal values. This investiga¬ 
tor has studied the conductivities of very concentrated mix¬ 
tures of sodium and potassium chlorides, as well as of mix¬ 
tures of sodium chloride with hydrochloric acid, in which the 
ionic velocities of the constituents vary more than in the 
former case. In saturated aqueous solutions of mixtures of 
sodium chloride and potassium chloride the value observed 
was lower by 6.4 percent than that calculated. The dis¬ 
crepancy became less and less with increasing dilution and 
finally disappeared, the agreement being within the limits 
of the errors of observation. McIntosh discussed the proba¬ 
ble causes of these abnormal results, suggesting changes in 
ionic velocities. He made no measurements of the viscosi¬ 
ties of his solution before and after mixing. 

Although a considerable amount of work has been pub¬ 
lished, dealing with the conductivity of mixed electrolytes 
in aqueous solutions, these conductivities in other solvents 
have been almost neglected. Philip and Courtman,'* work¬ 
ing with organic solvents, have shown that the conductivi¬ 
ties of mixtures of electrolytes can be calculated as suggested 
by Barmwater. These authors have measured the conduc¬ 
tivities of mixtures of potassium iodide and tetraethyl-am¬ 
monium iodide in methyl alcohol, methyl-ethyl ketone, aceto 
nitrile and nitro-methane. In all cases their solutions were 
quite dilute and the agreement witli the calculated values 
was very satisfactory. On the other hand, recent work by 
Sachanov* on conductivities of mixed electrolytes in organic 
solvents having small dielectric constants shows that the con¬ 
ductivity of the mixture is larger than the calculated; the elec¬ 
trolytes seem to tend to increase the ionization of other elec¬ 
trolytes. As a very able discussion of the earlier work of 

‘ Trans. Nova Scotia Inst. Sciences, 9, 120. 

* Jour. Chem. Soc., 97, 1261 (1910)- 

® Zeit. phys. Chem., 87, 441 (i9H)- 
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Arrhenius, Euler and the more recent investigations by- 
others is given by Sachanov, further consideration of this sub¬ 
ject can be omitted here. 

In Tables XVII, XVIII and XXXIII the observed 
values for the conductivities of the mixtures of equivalent 
quantities of sodium ethylate and sodium iodide, of sodium 
ethylate and sodium bromide, and of sodium ethylate and 
sodium phenolate are given, as well as the values calculated 
by Barmwater’s method. All results are expressed in molec¬ 
ular conductivities. In the tables “V” represents the re¬ 
ciprocal of the molecular concentration of sodium, potassium 
or lithium. Consequently, the molecular conductivities of a 
mixture of two electrol)d;es of any given concentration of 
sodium in a mixture may be calculated by averaging the sum 
of the conductivities of the components at the same concen¬ 
tration. We give a short series of conductivities in Table 
XIX, in which two volumes of sodium ethylate were mixed 
with one volume of sodium iodide, and another in Table XX, 
in which seven volumes of sodium iodide were mixed with 
one volume of sodium ethylate of the same concentration. 
In the first series the molecular conductivities of the mix¬ 
tures were calculated on the assumption that the ethylate 
occupies two-thirds of the solution and the iodide one-third 
of the solution, while in the second the ethylate was assumed 
to occupy one-eighth of the solution. As may be seen from 
the tables, the observed values in the more concentrated 
solutions are slightly lower than those calculated; it was shown 
in Table XXXIX that the same is true of the vLsco.sities. 
A closer approximation U) the truth is probably the assump¬ 
tion of the isohydric principle used first by Arrhenius, and 
later by V’^alker, Noyes, Acree, Bjerrum and others, that 
each electrolyte occupies a fraction of the whole solution 
corresponding to the percentage which that electrolyte has 
contributi'd to the total number of ions present. We cannot 
interpolate the available data closely enough to decide this 
question and are making other measurements to this end. 
We may therefore conclude that these mixtures obey the iso- 
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hydric principle and that in the reactions of ethylates and 
phenolates with the alkyl halides the ethylate or phenolate 
does not change appreciably in ionization as the reaction pro¬ 
ceeds. 

Conductivity Celis 

During the first part of the present investigation the 
cells used were of the Ostwald type in which the platinum 
electrodes are supported at one edge. This type has been in 
use in this and other laboratories for a number of yCars. 
While, possibly, these cells are not subjected to great changes 
in constant if handled with the greatest care, it was found very 
difficult, if not impossible, to prevent changes in their con¬ 
stants from time to time. These sometimes amount to several 
percent when the plates had ))een accidentally scraped against 
the sides of the cell while inserting or removing them, as can 
be seen in Table I. We have, therefore, spent considerable 
time designing and investigating cells of .somewhat different 
type, which have been found very satisfactory and with very 
little tendency towards abrupt changes of cell constant, even 
when handled more or less carelessly. Twelve of these cells 
are shown in the accompanying sketches, some of them hav¬ 
ing been used by others, and Table I gives a few of the con¬ 
stants typical of each. 

Cell 1 is of a dumb-bell form, the object of the constric¬ 
tion being to increase the resistance of the cell and to give 
a high constant. This cell has been found very useful in 
working with solutions more concentrated than N/ 8 . The 
plates being entirely enclosed and consequently protected 
from accidental jarring or touching, cells of this type are ex¬ 
tremely constant, as will be seen from Table I, in which some 
of the constants of all the cells used in this work have been 
tabulated, so as to show the changes from time to time. It is 
readily filled with tlie siphon described with Cell II. The 
total change of constant in this cell during six months of use 
was 0.2 percent, which is hardly more than the experimental 
error involved in its measurement. All of our recent more 
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accurate work with cells I and II shows the “cell constant” 
not to change more than o.oi percent. 

The sketch of Cell II gives an illustration of a modifica¬ 
tion of Cell I which we devised to allow us to fill the cell di¬ 
rectly from the flask in which the solution is made and hence 
to measure the conductivity of the solution without exposing 
it to the air or allowing appreciable evaporation, as can also 
be done with Cell I. The siphon on the right is dipped into 
the flask containing the desired solution and a small rubber 
tube is placed on the tube above: suction causes the cell to 
fill quickly. The siphon is removed and the stopper is in¬ 
serted in its place. "WTien necessary, sealing wax can be 
used to seal the two stoppers in place and exclude carbon 
dioxide and moisture and prevent any changes in the solu¬ 
tion such as Lap worth ‘ observed in his fine work on the con¬ 
ductivity of alcoholic hydrochloric acid. These cells can be 
washed out easily by a stream of water or alcohol and then 
dried by leading air through them. As the bright platinum 
plates are only o. 5 inch in diameter and the cell is very nar¬ 
row the uncertainties due to temperature changes are small. 
Two of these cells have proven extremely valuable and con¬ 
stant, as shown in Table I. 

In Cell III the plates are not removable from the cell, 
but are attached to glass tubes which are sealed in through 
the sides of the vessel and so bent that the plates are supported 
at their centers. An open top, instead of the narrow tubes 
in Cells I and II, allows the cells to be filled, emptied and 
cleaned readily. Although, as is seen from Table I, cells of 
this type can be depended on to o. i percent, they have not 
proved so satisfactory on account of their fragility. 

Cell IV is a modification of the Arrhenius cell, and has a 
closed top like those devised in H. C. Jones’ laboratory. In 
this, as in all circular plate cells which have been found satis¬ 
factory, the plates are joined to the glass tubes by fairly heavy 
platinum posts fixed at the exact centers of the plate instead 

* Jour. Chem. Soc., 93, 2163, 2203 (1908): 97, 21 (1910); 99, 1417, 2224 
(1911); loi, 2249 (1912): 103, 252 (1913)- 



398 


H. C. Robertson, Jr., and S. F. Acree 


of at one side as in the Arrhenius-Jones cell. The bend in 
the glass tube supporting the lower plate serves the purpose 
of protecting the plates from scraping against the sides of the 
vessel while being introduced or withdrawn. As is seen, 
this bend projects beyond the edge of the plates and affords 
very good protection to them if one allows the “point” of the 
bend to slide along in contact with the side of the vessel 
when opening or closing the cell. As can be seen from the 
table of cell constants, these cells are also very satisfactory, 
one cell showing no change greater than o. i percent. 

A modification of Cell IV is shown in the Sketch of Cell 
V, in which the lower plate only is shown, the upper plate 
being like that in cell IV. In addition to the bend shown in 
Cell IV, three spurs or projections have been added, radiating 
at right angles to each other in a plane parallel to the elec¬ 
trode and projecting beyond the edges of the plate in all 
four quadrants. With this arrangement it is impossible to 
scrape the electrode against the sides of the vessel at any 
time. A record of cells of this type is also given in the table 
of cell constants, the two cells showing no change greater 
than o. I percent. 

A cylindrical type of cell was devised and first described 
by Turner,’ working in this laboratory. In the original cell 
made by Turner, only two cylinders were used, as in Cell VI, 
and these were kept apart by small beads of glass fused be¬ 
tween them. Occasionally some of these beads dropped off, 
leaving the cylinders less rigid or, perhaps, causing a change 
in the cell constant. We suggest as an improvement that 
corresponding holes be bored through both cylinders at four 
to six places at the top and bottom and that the glass beads 
of Jena 397’^’ be fused through the holes as in Cell VI. Cells 
of this type do not lose the beads and remain very constant, 
the variation of o.i percent shown in Table I being within 
the experimental error involved in measuring cells with such 
small constants. 

We are now testing Cell VII, a modification of Cell VI, 


> Am. Chem. Jour., 40, 538 (1908). 



Reactions of Ions, Acids, Bases and Salts 


399 



CELL Vill 


CELL IX 







400 


H. C, RobertsoHy Jr., and S. F. Acree 


with much shorter cylinders which are fixed at a greater 
distance apart so as to give a higher constant. Four heavy 
platinum wires fused on the inner cylinder slip into much 
larger holes in the outer cylinder. The glass beads, shown as 
small black circles in the figure, insulate these wires from the 
outer cylinder and hold the electrodes rigid. Four glass arms 
attached to the vertical glass tubes of the top prevent the elec¬ 
trodes from striking the sides. The cell constant has not 
varied more than 0.15 percent. 

In Cell VIII, which is illustrated only in cross-section, 
the plates are three long cylinders, like those in Cell VI. The 
inner and outer cylinders are connected by a heavy platinum 
wire and form one electrode, while the third cylinder between 
them is the other electrode. The electrodes are fixed at a 
distance of about i mm apart. In the first cell made, glass 
beads were used to hold the cylinders, as Turner has done. 
In the next one made we began the use of very short platinum 
wires fixed at the top and bottom of the cylinders and at right 
angles to the cylinders and serving as supports for the glass 
beads, as illustrated in Cell VIII. The ends of the wires are 
fused, forming small knobs, which prevent the beads becom¬ 
ing loosened. The short wires on the middle cylinder are 
exactly opposite those on the outer cylinders and a small 
globule of glass is fused between these wires. WTien the 
cylinders are very close together the wires must overlap as 
illustrated. The addition of these short wires costs several 
dollars but is well worth the extra expense. These cells and 
others with only two cylinders, as shown in Cell VI, have been 
used extensively in this investigation and, having very low 
constants, they have been of very great service in working 
with solutions of high dilution or in determining the conduc¬ 
tivity of the pure solvent. They are very constant, as may 
be seen from Table I, the total change being almost within 
the experimental error involved in measuring such small 
constants. We can especially recommend the deep, open top 
of Cells VI, VII and VIII, as they allow the worker to ob¬ 
tain a firm hold in opening and closing the ceUs, catch any 
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mercury which might otherwise overflow into the bath and 
cause damage through amalgamation, and allow the cell to 
be placed deep in the water of the bath and attain the cor¬ 
rect temperature. 

A dip cell of type VIII, shown as Cell IX, with a long 
stem is very useful for measuring the conductivity of a large 
quantity of the solvent in a bottle. 

Cells X, XI and XII show our suggestions how to make 
excellent cells, measurements with which will be described in 
detail later. With large, bright or platinized electrodes fixed 
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in position and ground joints under the surface of the liquid 
in the bath, it is possible to measure conductivities with a 
precision of o.ooi percent and an accuracy close to o.oi per¬ 
cent, the resistance sometimes varying not more than o.ooi 
percent in 24 hours. 

In all of this work we have employed electrodes of bright 

platinum since it was found 
that certain solutions, particu¬ 
larly dilute solutions of sodium 
phenolate, change rapidly in 
conductivity on standing in 
cells whose electrodes were 
-A coated with platinum black. 
No difficulty was experienced 
in obtaining sharp minima 
when using these bright plati¬ 
num electrodes, as long as the 
solutions were used in cells of 
high enough resistance. A 
Kohlrausch condenser was of 
no great aid in securing a 
minimum in our earlier work, 
but is of the very greatest im¬ 
portance in all of our recent 
work having a precision of 
O.OOI percent and an accuracy 
of 0.01 percent. An induc¬ 
tance in series with the cell 
gives the same excellent re¬ 
sults. 

It is evident that changes in cell constants must be 
caused almost entirely by increase or decrease in the mean 
distance between the electrodes, caused either by scraping 
them against the sides of the containing vessel or by careless 
handling. In the cells we have described, it is practically 
impossible to bring the plates into contact with the vessel. 
However, it was found that, in cells whose circular electrodes 
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were supported at their exact centers, no appreciable change 
in constants was occasioned even when the electrodes were 
deliberately bent out of place. In a cell of this type, having 
circular electrodes 25 mm in diameter and about 24 mm 
apart, giving a cell constant of 291.2, the edge of one of the 
plates was intentionally pushed downwards a distance of three 
millimeters towards the other plate. The opposite edge 
of the plate was found to have moved upwards a correspond¬ 
ing amount, and the constant, when redetermined with the 
plates in that position, was found to be 291.0, a change of 
only 0.07 percent. This would be larger if the plates were 
closer. A cell of similar dimensions, but of the older type 
in which the plates are supported near one edge, when treated 
in an identical manner, showed a change in constant amount¬ 
ing to 5.6 percent. Bracing the plates of such cells by means 
of slender glass rods sealed between them was found to be 
useless, since these invariably became loosened and fell off 
after a time. 

Temperature Regulation 

The conductivity measurements were carried out at three 
temperatures: 0°, 25" and 35° Centigrade. For the work 
at 0° a vessel was filled with crushed ice and in this the cells 
were immersed as far as possible. For the other tempera¬ 
tures thermostats were used, by which it was possible to keep 
temperatures constant within 0.02°, which was entirely 
satisfactory for conductivity measurements. The actual 
temperatures were determined by thermometers which had 
been calibrated at the U. B. Bureau of Standards at Wash¬ 
ington, and which were undoubtedly correct to within o.oi 

The solutions were always made up to volume at 25° 
and their conductivities measured at that temperature, after 
which they were removed to the 35° bath and finally to the 
ice bath. The conductivities obtained at 35° were corrected 
for the increase in dilution due to the change from 25° to 
35°, and those measured at 0° were in like manner corrected 
for their increased concentration at that temperature; a small 
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correction was also necessary for the increased or decreased 
ionization due to these volume change. As will be seen from 
the tables, the data have been recalculated by interpolation 
so as to give values for the molecular conductivities at con¬ 
centrations which are exact powers of two, these being the 
concentrations at which they are generally measured. 

Solvent 

In all of the present investigations the solvent used was 
ethyl alcohol. This was piuified by boiling with silver ni¬ 
trate for a time and redistilling, after which it was dehy¬ 
drated in the usual manner by the use of calcium oxide. Par¬ 
ticular care was taken to remove the last traces of water. 
No alcohol containing more than 0.04 percent water was used 
at any time, while for the high dilutions, where small traces 
of water might have an appreciable influence on the results, 
the alcohol used was considerably better than the above. 
The best alcohol that was obtained for use in this conductivity 

2 e ® 

work had a specific gravity of 0.785065 The specific 

4 

gravities were determined by means of pycnometers of about 
50 cc capacity that had been very carefully calibrated. 

The conductivity of the best alcohol used was 0.12 X io~ ®; 
that of the worst was 0.28 X io~®. We have had samples 
as low as 0.07 X io“®. 

The physical constants of pure ethyl alcohol are now 
being investigated at length in this laboratory, and Mr. E. 
C. McKelvey, of the National Bureau of Standards, is now 
measuring the conductivity and ionization of pure ethyl 
and methyl alcohol in special platinum apparatus. 

Chemicals 

The sodium, potassium and lithium used in making 
the ethylates and phenolates in this investigation were the 
best obtainable in Germany, being ordered especially for 
the purpose. No attempt was made to analyze them. 

The phenol used was Kahlbaum’s best. It was twice 
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redistilled and boiled at 180.0-180.2°, uncorrected. It 
was kept in vacuum desiccators over sulphuric acid. 

The sodium iodide used was Kahlbaum’s. It was first 
dried in an air bath at 130° C and then dried further in a 
stream of hydrogen. Two duplicate analyses gave a purity 
of 99.93 percent and 100.02 percent, respectively. 

The sodium bromide was Baker’s. It was dried in the 
air bath and analyzed and showed 99 87 percent purity. It 
was assumed to be pure as the contaminating salts would 
give a conductivity partly offsetting the 0.13 percent of im¬ 
purity. 

Conductivity Apparatus 

The resistance boxes used in the investigation were fur¬ 
nished by Leeds and Northrup and made with the coils as free 
as possible from inductance and capacity; they were certified 
to be accurate within 0.05 percent. The slide wire was of the 
Leeds and Northrup-Kohlrausch type, in which the bridge 
wire is mounted upon a marble cylinder, extra resistances at 
the ends of the wire giving greater accuracy. 

All conductivity data are referred to the value 129.7 
used as the molecular conductivity of N/50 potassium chloride 
at 25 °. 

In the following tables dupheates of all measurements 
are given. In many cases, three or more determinations 
were made of a complete series of conductivities or of indi¬ 
vidual concentrations. In such cases, the two values were 
selected which agreed most closely. Correction has been 
made in all cases for the conductivity of the solvent, which 
is especially important when the excess of phenol was present. 


Table I—Record of “Cell Constants”* 


Type 

Type 

Type 

Type 

■ 

Type 

Type 

Type 

I Type 

Type 

I 1 

II 

II 

III 

III 

IV i 

IV j 

1 ^ 

V 

1535 

1253 

2821 

455-5 

75-48 

II7.I 

39 80 

291 .0 

207,0 

1535 

1255 

2817 

454-6 

75-45 

117.1 

39 80 ! 

291 . I 

207.1 

1538 

1253 

2826 

455-5 

75-54 

II7.1 

39-91 

291.2 

207.1 

1536 

— 

— 

455-1 

— 

II7.0 

— 

291.0 i 

207.1 


* These cells have only two cylinders. 
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Table I — (Continued) 


Type ! 

Type 

Type 

Type 

Type 

Cells of Ostwald type 

VP 

VP 

VII 

VIII 

VIII 

(plates supported at sides) 

1 

10.06 

10.50 i 

39.61 

2.140 

2.155 

268.0 ’ 201.0 210.5 

10.06 i 

10 50 

39 56 

2.147 : 

2.161 

269.0 202,2 208.5 

10.05 1 

10.48 

39.61 

2 163^ 

2.159 

269.3 202.4 ; 208.0 

10.05 ! 

10.49 

— 

— 1 

— 

265.1 198.0 209.1 


Table II —Conductivity, Dissociation and Ostwald Constant 
FOR Sodium Ethylate at o® 


V 

Conductivity 


Dissociation 

Ostwald 


I 

II 

Mean 

constant 

I 

2.72 

2.70 

2.71 

0.1362 

0.0215 

2 

4.74 

4-71 

4.72 

0.2372 

0.0369 

4 

6.67 

6.67 

6.67 

0.3352 

00433 

8 

8.61 

8.70 

8.65 

0.4347 

0.0418 

16 

10.57 

10.57 

10.57 

O.5311 

0.0376 

32 

12.59 

12.62 

12.60 

0.6332 

0.0342 

64 

14 44 

14.44 

14 44 

0.7256 

0.0300 

128 

16.27 

16.31 

16.29 

0.8186 

0.0289 

256 

17.79 

17.89 

17.84 

0.8965 

0.0303 

512 

i 19-13 

19.18 

19.15 

0.9123 

0.0185 

1024 , 

19.66 

: 19.77 

19.71 

0.9905 

— 

2048 

20 00 

19.92 

19.96 

— 

— 

4096 j 

19.90 I 

_ 

19.90 

— 

— 

8192 

19.76 ! 

! — 

19.76 

— 

— 

16384 1 

— 

i ^ 9-74 

19.74 

— 

— 

32768 1 

20.62 

20.00 

20.31 

i _ 

— 

65536 1 

19.74 

19.12 

19.43 

— 

— 

131072 ; 

— 

20.65 

20,65 

—, 

— 

262144 1 

— 

19.18 

19.18 

— 

— 


Moo = 19-90 


' These cells have only two cylinders, 

* The plates of this cell were kept apart by small beads of glass sealed 
directly to the plates, and one of these had become detached. 
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TaBLK III —CONDTJCTIVITY, DISSOCIATION AND OSTWALD CONSTANT 

FOR Sodium Ethylate at 25® 


V 

I 

Conductivity 

II 

t 

Mean 

Dissociation 

Ostwald 

constant 

I 

4-93 

! 4-93 

4 93 

0.1485 

0.0259 

2 

7 79 

1 7 76 

7.78 

0.2344 

0.0359 

4 

10.36 

i 10 37 

10 37 

0.3123 

0.0355 

8 

13 03 

*3 05 

13.04 

0.3928 

0.0318 

16 

15.98 

: 15.98 

15 98 

0.4814 

0 0279 

32 

19 16 

19 16 

19.16 

0.5771 

0.0246 

40 

20 10 

, - 

20 10 

0.6055 

0 0232 

64 

22 52 

22.47 

22.50 

0 6777 

0 0223 

128 { 

i 25.60 

25.68 

: 25.64 

0 7723 

0 0205 

256 ! 

28.90 

28.95 

i 28.93 

0 8714 

0 0231 

512 

31 -35 

3».39 

’ 31.37 

0.9449 

0.0316 

1024 

32.57 

32.64 

; 32.60 

09819 

— 

2048 

33.20 

33 06 

' 33-13 ! 

1 0.9979 ' 

— 

4096 

32.81 

- 

: 32.81 

1 

— 

8192 

32.72 

— 

i 32.72 

— 

— 

16384 

— 

32.30 

32.30 

— 

— 

32768 

33 67 

32.82 j 

33 • 24 

--- 

— 

65536 

32.40 

31.94 i 

32.17 

— 

— 

131072 

■— 

, 33 42 

33-42 

1 

— 

262144 

— 

1 32.06 1 

32.06 

— 

— 


Moo =33 20 
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Tablb IV —Conductivity, Dissociation and Ostwald Constants 
FOR Sodium Ethylate at 35° 


V 

I 

— 

- -- 

I 

6.04 

2 

9. II 

4 

11-93 

8 

14.80 

16 

18.09 

32 

21.78 

64 

25.88 

128 

29.86 

256 

33 85 

512 

36 -95 

1024 

38-72 

2048 

39-54 

4096 

38 99 

8192 

39-09 

16384 

— 

32768 

40. 16 

65536 

38.57 

131072 

— 

262144 

— 


Moo = 39-20 


Conductivity 


II 

Mean 

6.03 

6.03 

9. II 

9. II 

11.94 

11-93 

14*85 

14.82 

18.07 

18.08 

21.83 

21.80 

25-88 

25.88 

29-91 

29.88 

33-88 

33.86 

36.98 

36.97 

38.90 

38.81 

39-40 

39-47 

— 

38.99 

— 

39-09 

38.62 

38.62 

39.02 

39-59 

37-38 

37-97 

38.22 

38.22 

36.86 

36.86 


Dissociation 

Ostwald 

constant 

0.1538 

0.0280 

0.2324 

0.0352 

0.3044 

0.0333 

0.3780 

0.0287 

0.4612 

0.0247 

0.5561 

0.0218 

0.6602 

0.0200 

0.7622 

O.OI9I 

0.8638 

0.0214 

0.9431 

0.0305 

0.9900 

— 

— 

— 
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Table V—Conductivity, Dissociation and Ostwald Constant 
FOR Potassium Ethylate at 0° 


1 

V i 

Conductivity 

. _ _ i 

I i 



I 1 

' II 1 

1 Mean j 

i 


1 i 

3 76 

; 3-75 

1 3.75 ^ 

i 

1 0.I689 

! 0.0343 

2 ’ 

6.03 

' 6.01 

i 6.02 

i 0.2713 

0.0505 

8/'3 ' 

16/5 

6-95 

1 _ 

; 6 95 

1 0.3130 

0.0535 

7.42 

— 

; 7-42 

0 3342 

i 0.0524 

4 

8.10 

0 

00 

, 8.10 

! 0.3649 

: 0.0524 

16/3 

8.89 

' — 

1 8.89 

I 0.4004 

; 0.0501 

8 

10.20 

10.20 

10 20 

' 0.4595 

1 0.0488 

32/3 ' 

10.91 

i 

1 10 91 

! 0.4914 

j 0.0445 

16 

12 ,16 

12.11 

12.13 i 

1 0.5464 

1 0.04x1 

32 ; 

14.14 

: 14 15 

i 1414 

0 6369 

j 0.0349 

64 

16.29 

16.17 

j 16.23 

0.7311 

j 0.0311 

128 

18.04 

18.02 

18.03 

0.8122 

0.0274 

256 i 

19.66 

19,72 

19.69 

0.8870 

0.0272 

512 1 

21.02 

21.06 

21.04 

0.9478 

0.0336 

1024 j 

21-75 

21.69 

21.72 

0.9784 

— 

2048 1 

22.27 

22.08 

22.18 

0.9991 

— 

4096 j 

22.05 

— 

22.05 i 

— 

— 

8192 1 

21.95 

— 

i 21.95 > 

— 

— 


Moo = 22.20 
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Table VI —Conductivity, Dissociation and Ostwald Constant 
FOR Potassium Ethylate at 25° 


V 


Conductivity 

_ _ _ . _ 

- 

Dissociation 

Oslwald 

constant 


1 

! II 

1 

- i 

Mean 



1 

6 54 

1 , 

! 6 55 

6.54 

0.1758 ; 

0 0375 

2 

9,80 

9 78 

9-79 

0.2632 

0.0470 

8/3 

10.92 

-- 

10 92 

0.2935 _ 

0.0457 

16/5 

11.63 

i 

11.63 

0.3126 

0 0444 

4 

12 43 

12 43 

12.43 

0 3341 

0 0419 

16/3 

13.57 

1 

13-57 

0.3647 i 

0.0393 

8 

15 26 

15 26 

15.26 

0.4102 ' 

0.0357 

32/3 

16.42 

' — I 

16 42 i 

0.4414 

0.0327 

16 

18.27 

18 24 i 

18.26 

0 4908 1 

0.0296 

32 

21-54 

, 21 54 : 

21-54 1 

0.5790 , 

0.0249 

64 

25-13 

' 25.01 : 

25-07 ' 

0 6739 , 

0 02i8 

128 

28-55 

, 28.56 ' 

28-55 ' 

0.7675 , 

0.0201 

256 

31 71 

i 31 87 '■ 

31-79 

0.8546 I 

0.0196 

512 

34 36 

34-35 1 

34-35 

0.9234 , 

0.0217 

1024 

36-24 

3<^ 27 ; 

36-25 : 

0.9745 1 

— 

2048 

37-24 

37 -iJ 

37 -J 7 ! 

0.9993 

— 

4096 

36-74 

, — ; 

36-74 , 


— 

8192 

37.08 

1 1 

37.08 

1 

— 


Moo = 37-20 
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Table VII —Conductivity, Dissociation and Ostwald Constant 


i 

for Potassium Ethylate 

Conductivitv 

•-VT 35 ° 

; ! 


V L. 

i 

t 

1 

II 

1 

Mean 

Dissociation 

Ostwald 

constant 

1 

7.85 

■ 7 «5 

7.85 

1 0 1768 , 

0.0380 

2 

11 28 

: 11 31 

' 

II 50 

: 0 2545 

0.0434 

8/3 ! 

12.57 


12 57 

' 0 2831 

0.0419 

16/5 ' 

12 50 

1 - - 

13.20 

i 0 2973 

0 0393 

4 

14.21 

14 22 

14 21 

0 3200 

0 0376 

16/3 

15.4^^ 


15 46 

; 0.3482 

0.0348 

8 

17 27 

: 17 25 

17.26 

0.3887 

0-0309 

32/3 

57 

! 

57 

0 4182 

0 0282 

16 1 

20 65 

20.68 

20 66 

0.4653 , 

0 0253 

32 : 

24.46 

24 50 

24-48 

0 5513 

0.0212 

' 

28.79 

. 28 79 

1 28.79 

0 6484 i 

0.0187 

128 i 

3313 

33.07 

1 3310 

0 7455 ' 

0.0171 

256 

37 18 

! 37.34 

1 37-26 

; 0.8392 : 

O.OI7I 

512 : 

40.70 

40.75 i 

i 40-73 

: 0.9171 

0.0189 

1024 1 

43 08 

I 43.12 

i 43 lO 

0.9706 

— 

2048 ; 

44 33 

, 44 3 ^ 

44 44 

. 1.0000 

— 

4096 

43-94 

— 

! 34 94 

i — 

— 

8192 i 

Moo 

44 36 
= 44.40 

' — 

44 36 




Table VIII —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Lithium Ethylate at o® 



Conductivitv 




V 



- - 

Dissociation 

Ostwald 

constant 


I 

II 

Mean 



1 

1.30 

I -30 

I 30 

0.0699 

0.0053 

2 

2.68 

2.67 

2.67 

O.H35 

O.OI 2 I 

4 

4. lO 

4.09 

4.09 

0.2199 

00155 

8 

5.80 

5.80 

5.80 

0.3118 

0 0177 

16 

7.61 

7.62 

7.61 

0.4091 

0.0177 

32 

9 65 

9.66 

1 9-65 

0.5188 

0.0175 

64 

11.62 

11.60 

II.61 

0.6242 

0.0162 

128 

13.54 1 

13.58 

1 13-56 

0.7290 

0.0153 

256 

15.37 

15.35 

15-36 i 

0.8258 

0.0153 

512 

16.74 

16.86 

! 16.80 

0.9033 

0.0165 

1024 

18.80 

18.86 

18.83 

— 

— 

2048 

18.47 

18.60 

18.54 

— 

— 

4096 

18.56 

— 

18.56 

— 

— 

8192 

18.51 

— 

18.51 1 

— 

— 

Moo *= 18.60 

Calc, Moo = 18.40 
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Table IX—Conductivity, Dissociation and Ostwald Constant 
FOR Lithium Ethylate at 25° 


V 


Conductivity 




I 

II 

Mean 

i 

i 

i 

I 

2.50 

' 2 49 

2.50 

1 

1 0.0804 

2 

438 

i 4-37 

4-38 

i 0.1408 

4 

6.39 

: 6.38 

6-39 

i 0.2055 

8 

8.59 

; 8.58 

958 

1 0.2762 

16 

11.21 

i II 19 

II .20 

j 0.3601 

32 

14. 18 

1 1 

14.16 

1 0.4553 1 

64 

17-51 

1 17-47 

1 17-49 

j 0.5624 

128 

21 .09 

21 .05 

21.07 

: 0.6775 

256 

' 24 49 

24.44 

24.46 

j 0.7865 

512 

27-43 

27 63 

27.53 

0.8855 ! 

1024 

29.72 

1 29.86 

29.79 

j 0.9579 I 

2048 

30.94 

1 31 05 

31 -00 

' 0.9968 j 

4096 

31 -06 

! 

31 06 

: 0.9987 : 

8192 

30.73 


30.73 

) — 1 

Moo =3110 

Calc. Moo = 

' 30.10 



Ostwald 

constant 


0.0070 

O.0115 

0.0133 
0.0132 
0.0127 
o.oi19 
0.0II3 

O OIIl 
O.OII3 
0.0134 


Table X —Conductivity, Dissociation and Ostwald Constant 
FOR Lithium Ethylate at 35° 




Conductivity 




V 




Dissociation 

Ostwald 





constant 


I 

1 II 

Mean 



I 

3-07 

3 06 

3-06 

0.0823 

0,0073 

2 

5 -i 8 

5-17 

517 

0.1390 

O.OI 12 

4 

7-35 

1 7-34 

7-34 

0.1973 

0.0121 

8 

9.71 

! 9-69 

9-70 

0.2608 

0.0115 

16 

12.6i 

i 12.58 

12.59 

0-3384 

0.0108 

32 

15-95 

1 15-93 

15-94 

0.4285 

O.OIOO 

64 

19.82 

! 19-77 i 

19.80 

i 0.5323 

0.0095 

128 

24.01 

, 24.08 

24.04 

0.6462 

0.0092 

256 

28.30 

' 28.25 

28.28 

1 0.7602 

0.0094 

512 

32.01 

32.28 

32.15 

! 0.8643 

0.0108 

1024 

34-97 

! 35 15 

35-06 

i 0.9425 

— 

2048 

37.12 

, 37-37 

37-24 

} 0,0000 

— 

4096 

37.22 

— 

37-22 

— 

— 

8192 

36.91 

1 - 

36-91 

; — 

— ^ 

Moo = 37-20 

Calc. Moo ~ 

= 34-30 
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Table XI—Conductivity, DiSvSociation and Ostwald Constant 
FOR Sodium Iodide at 0° 


V 

I 

Conductivity 

i " 

Mean 

•' Dissociation j 

Ostwald 

constant 

1 

7.02 

7.10 

7.06 

' 1 

0.2802 

0.I080 

2 

’ 9 15 

9 12 

9 13 

0.3623 j 

0.1029 

4 

11.04 

11.06 

II 05 

0.4385 : 

0.0856 

8 

12.78 

12.89 

12 83 

0.509I 

0.0660 

16 

14 76 

14.60 

, 14.68 

0.5825 1 

0.0508 

32 

16.69 

16 73 

1 16.71 

0.6631 

0.0408 

64 

18.6i 

18 56 

18.58 

0.7373 

0.0323 

128 

20 40 

20 42 

20.41 

0 8099 

0 0270 

256 

21 84 

! 21 75 

21.79 

0 8647 

0.0216 

5^2 

23.29 

23 31 

1 23.30 

0 9246 

0.0221 

1024 

24 34 

24.26 

24 30 

0 9643 

— 

2048 

25 17 

25 05 

25.11 

0 9964 


4096 

25 

25 H 

25-25 

— 

— 

8192 

25 36 

, 

25 


— 

16384 

25 04 

1 - 

25.04 

-- 



24 3^* 

MCX 5 = 25.20 

! 

24 3^> 




Table XII —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Iodide at 25° 


V 

I 

Conductivity 

11 

Mean 

Dissociation 

! 

! Ostwald 

I constant 

1 

12,52 

12.48 

12 50 

0.3012 

0.1298 

2 

14.84 

14 77 

14.80 

0 3574 

0 0994 

4 

17.46 

17-52 

17 49 

0.4214 

0 0767 

8 

20.09 

20 07 

20.08 

0.4838 

0 0567 

16 

22.81 

22.82 . 

22.81 

0 5496 

0.0419 

32 

26.02 

; 26 02 

26.02 

0.6270 

0.0329 

64 

29.30 

29 29 

29.29 

0.7058 

0.0265 

128 

1 32.24 

32.27 : 

32.25 

0.7771 i 

i 0.0212 

256 

i 35-10 

, 35 04 

35 07 

0.8451 1 

1 O.OI81 

512 

37 48 

; 37-54 ; 

37-51 

0.9039 

0.0166 

1024 

39 47 

39 41 

39-44 

0 9504 

— 

2048 

40.88 

i 40.68 , 

40.78 

0.9827 


4096 

41.61 

: 41 41 . 

41.51 

1.0000 


8192 

41.84 

! — j 

41.84 

— 

— 

16384 

4».56 

, i 

41.56 

— 

— 

65536 

Me 

40.88 

c = 41.50 

1 — i 

40.88 
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Tabls XIII —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Iodide at 35® 


1 




Conductivity 




V 


_ _ _ 

___ 

Dissociation 

Ostwald 






constant 


I 

TI 

Mean 



I 

15.21 

15 26 

15.23 

0.3046 1 

0.1334 

2 

17.37 

17.40 

17-38 

0.3476 ! 

0.0926 

4 

20 38 

20 50 

20.44 

0 4088 i 

0.0707 

8 

23 50 

24 55 

23.52 

0.4704 i 

0.0522 

16 

26 55 

26.51 

26 53 

0.5306 ' 

0.0375 

32 

30 30 

30 28 

30.29 

0 6058 , 

0.029I 

64 

34 ^9 

34 21 

34 • 20 

0 6840 j 

0 0231 

128 

37.93 

37.94 ' 

37-93 i 

0.7586 ; 

0.0286 

256 

41.40 

: 41 33 i 

41.36 1 

0.8272 ; 

0.0155 

512 

44 t 5 

44.19 I 

44 17 

0 8834 1 

0.0131 

1024 

47.12 

47.05 1 

47.08 

0 9416 1 

- - 

2048 

48.87 

1 48-72 1 

48.80 

0 9760 i 

— 

4096 

49 92 

' 49-70 1 

49.81 

0 9962 j 

- 

8192 

50.22 

i — 1 

50.22 

— 

— 

16384 

50. OT 

1 " j 

50.01 

j - 

— 

65536 

49.22 

t ! 

49.22 

— 

— 


Moo = 50-00 


Table XIV —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Bromide at o° 


V 

Conductivity 

1 


I 

" ■ 

8 

10.70 

10.70 

16 

12.49 

12.48 

32 

14.42 

14.34 

64 

16.39 

16.25 

128 

18,r8 

18.15 

256 

19.77 

19.73 

512 

21.26 

— 

1024 

22.33 

22.30 

2048 

23.24 

23 • 23 

4096 

23.58 

23 50 

8192 

23.93 

23.79 

16384 

23 29 

— 

32768 

23.50 

— 

65536 

22.00 

— 

131072 1 

21.78 

— 


Moo = 23.50 


Mean 


Dissociation | 


Ostwald 

constant 


10.70 i 0.4598 : 0.0489 

12.48 ! 0.5363 I 0.0388 

14.38 I 0.6179 0.0312 

16.32 I 0.7013 0.0257 

18.16 I 0.7804 0.0217 

19.75 I 0.8487 0.0186 

21.26 t o 9136 0.0189 

22.31 [ 0.9587 — 

23 23 I 0.9982 - 

23.54 ! — 

23 86 ] — — 

23.29 I - - 

23.50 — — 

22.00 - - 

21.78 - - 
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Table XV —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Bromide at 25° 



1 .. 

i Conductivity 




V 

1 

i I 

II • 

j 

Mean 

Dissociation 

1 i 

Ostwald 

constant 

8 

! 16.30 

16.33 ' 

16.31 

0.4216 

; 0 0384 

16 

i 19 04 

19.09 : 

19.06 

0.4927 

0.0299 

32 

22.12 

22 16 j 

22.14 

i 0.5723 

0.0239 

64 

> 25.52 

25-54 ' 

' 25 53 

j 0 6600 

0.0200 

128 

, 28.65 

28.70 

28.67 

0.7412 

0.0166 

256 

' 31-58 

31-59 

I 31.58 

0.8164 

0.0142 

512 

24 23 j 


[ 34.23 

0 8848 

0.0133 

1024 

36.42 

36 36 i 

i 36.39 

0 9407 

1 

2048 

i 38.15 

38.21 i 

i 38.18 

0 9870 

j - 

4096 

39.16 

39 •06 1 

! 39.11 


— 

8192 

39 68 

39.60 j 

39.64 

— 

— 

16384 

3918 

1 

1 

! 39.18 

— 

— 

32768 

40.00 

- 1 

40.00 

— 

: — 

65536 

38.77 

1 — ! 

38.77 

— 

1 — 

131072 

38.11 

Moo = 39.30 

! — ! 

38 11 

1 - 

i - 


Table XVI—Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Bromide at 35° 



Conductivity 


. 


V 

I 

II 

Mean 

Dis.sociation 

Ostwald 

constant 

8 

18.90 

18.88 

18.89 

0.4102 

0.0357 

16 

22.09 

21.96 

22.02 

0.4781 

0.0274 

32 

25 53 

25.59 

25.56 

0.5550 

0.0216 

64 

29.67 

29.55 

29.61 

0.6429 

O.0181 

128 

33.56 

33-56 

33.56 

0.7287 

0.0153 

256 

37.29 

37-24 

37.26 

0.8091 

0.0134 

512 

40.63 

— 

i 40.63 

0.8823 

0.0129 

1024 

42.20 

42.14 

42.17 

0.9157 

— 

2048 

44.08 

44.07 

44.07 

0.9570 

— 

4096 

45.24 

45.12 

45 18 

0.9811 

— 

8192 

45-47 

45-31 

45-39 

0.9856 

— 

16384 

45.14 

— 

45 14 

— 

— 

32768 

46.20 

— 

46.20 

— 

— 

65536 

44.70 

— 

44.70 

— 

— 

131072 

Me 

43-55 

»«45.20 


43-55 
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Tabus XVII—Conductivity of Mixtures of Sodium Ethydate 
AND Sodium Iodide in Equal Proportions 




O*’ 



V 

I 

II 

1 

1 Mean 

Calc, 

ll 

4.76 

4-78 

i 

4-77 

4.88 

2 

6.86 

6 87 

6.86 

6.92 

4 

8.86 

8.76 

8.81 

8.86 

8 

10.66 

10.68 

10.67 

10,74 

i6 

12.58 

12.68 

! 12.63 

12.62 

32 

14.72 

14.66 

14.69 

14-65 

64 

16 56 

16 62 

16.59 

16.51 

128 

18.31 

18.27 

18.29 

18.35 

256 

19.87 

19.87 

19.87 

19.81 

512 

21.24 

21.27 

21.25 

21.22 



25® 



1 

8-39 , 

8.38 

8.38 

8.71 

2 

11-25 

11.23 

11.24 

11.29 

4 

13.88 , 

13,82 

13-85 

13-93 

8 

^ 6.57 ; 

16.46 

16.52 

16.56 

16 

19.38 1 

19.46 

19.42 

19-39 

32 

22.71 ; 

22.63 

22.67 

22.59 

64 

25-85 

25-85 

25-85 

25-89 

128 

28.98 : 

28.85 

28.91 

28.94 

256 

31-89 

31-95 

31-93 

32.00 

_.5I2 

- - - 34 . 41 ,. J 

-- -. 34:43 

34-42 

34-44 



35 “ 



I 

10 00 

10.01 

10.00 

10.63 

2 

13.26 ! 

13 24 1 

13-25 

13-24 

4 

16.22 

16 06 1 

16.14 

16.18 

8 

19.06 1 

19,11 i 

19.09 

19.17 

16 

22.33 

22.37 ‘ 

22.35 

22.30 

32 

26.14 

26.12 

26.13 

26.04 

64 

29-98 

29.98 

29.98 

30.04 

128 

33-81 , 

33-86 

33-84 

33-90 

256 

37-56 ; 

37-59 

37-57 

37-61 

512 

40.64 i 

40.60 

40.62 

40-57 


^ The data for this one concentration are somewhat in doubt because 
of the uncertainty concerning the purity of the sodium iodide used- 
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Table XVIII —Conductivity of Mixtures of Sodium Ethylate 
AND Sodium Bromide in Equal Proportions 


o' 


V 


II 

Mean | 

Calc. 

8 

9.60 

9.60 

9.60 ; 

9.67 

16 

11.58 

11-45 

H.51 1 

11.52 

32 

13 49 

J 3-57 

13-53 j 

13-49 

64 

15-41 

15-49 

15-45 1 

15-38 

138 

17.16 

17.33 

17-19 i 

17.33 

356 

18.78 

18.78 

18.78 1 

18.79 

512 

30.30 

30 . 16 

20.18 1 

20.20 


* 5 " 


8 

14-57 

14-57 

14-57 

■ 14-67 

16 

17-55 

17-45 

17 50 

17 52 

32 

20.63 

30.63 

20.63 

20.65 

64 

23-94 

24.04 

23-99 

24.02 

138 

37.30 

27-05 

27.12 

27-15 

256 

30.28 

30.28 

30.28 

30-25 

512 

32.67 

32.76 

32.72 

32.80 


35' 


8 

16.70 

16.74 

16.72 

16.85 

t6 

20.08 

19.92 

20.00 

20.05 

32 

23.70 

23.70 

23.70 

23.68 

64 

27.64 

27.74 

27.69 

27-74 

138 

31-78 

3*-70 

31-74 

31-72 

256 

35-52 

35-66 

35-59 

35-56 

512 

38.69 

38.69 

38.69 

38.80 
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Table XXI—Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Phenolate at 0° 


V 

Conductivity 


Dissociation 

Ostwald 


I 

II j 

Mean 


constant 

I 

2 46 

2 47 1 

2.46 

0.1223 

0.0170 

2 

4 00 

4.00 1 

4.00 

0.1990 

0 0247 

4 

5 73 

5 73 ! 

5.73 

0.2851 

0.0284 

8 

7 68 

7 65 ; 

7.66 

0.3811 

0.0293 

16 

9 54 

9.56 j 

9 55 

0 4751 

0.0269 

32 

11.51 

11.49 j 

U.50 

0.5721 

0.0239 

64 

13*43 

13 50 

13 46 

0.6696 

0.0212 

128 

14 92 

15 j 

14 98 

0.7452 

0.0170 

256 

16.72 

16.69 i 

16.71 

0 8313 

0.0160 

512 

17 96 

17 95 1 

17*95 

0.8930 j 

0.0146 

1024 

18.91 

18 86 

18.88 

0 9393 ! 

— 

2048 

19.27 

19 40 , 

19*33 

0.9616 

— 

4096 

20.43 

20.20 * 

20.31 

— 

— 

8192 

19.45 i 

— 

19.45 

— 

— 

16384 

19.15 

19.48 ; 

19.31 

— 

— 

32768 

18 72 

— : 

18.72 

— 

— 

65536 

20.22 

19 80 ; 

20.01 

— 

— 

131072 

20.46 

— 1 

20.46 

— 

1 — 

iUoo ~ 20, 10 
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Table XXII—Conductivitv, Dissociation and Ostwald Con¬ 
stant FOR Sodium Phbnolatb at 25® 


V 

Conductivity 

Dissociation 

Ostwald 

constant 

I 

II 

Mean 

I 

4.14 

i 4-14 

4.14 

0.1247 

0.0178 

2 

6.41 

6.40 

6.40 

0.1927 

0.0230 

4 

8-75 

8.71 

8-73 

0.2629 

0.0234 

8 

11.41 

11-43 

11.42 

0.3439 

0.0225 

16 

14-15 

14,21 

14.18 

0.4271 

0.0199 

32 

17.16 

17.26 

17.21 

0.5183 

0.0174 

64 

20.42 

20.48 

20.45 

0.6159 

0.0154 

128 

23-34 

23-34 

23.34 

0.7030 

0,0130 

256 

26.31 

26.31 

26.31 

0.7924 

O.OII8 

512 

28.96 

28.91 

28.93 

0.8713 

0.0115 

1024 

30.60 

30.60 

30.60 

0.9216 

— 

2048 

32.12 

32.08 

32.10 

0.9668 

— 

4096 

33-21 

33-14 

33-17 

0.9991 

— 

8192 

32 45 

— 

32.45 

! - 

— 

16384 

32.80 

33 09 

32.94 

— 

— 

32768 

31-50 

— 

31-50 

— 

— 

65536 

32.44 

32.14 

32.29 

— 

— 

131072 

32.50 

— 

32.50 

— 

— 


Moo = 33-20 
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Table XXIII —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Phbnolate at 35® 



Conductivity 



V 




Dissociation 

Ostwald 

constant 


I 

II 

Mean 



1 

4-97 

4-97 

4-97 

0.1242 

0.0176 

2 

7.46 

7*47 

7.46 

0.1865 

0.0214 

4 

10.00 

10.00 

10.00 

0.2500 

0.0208 

8 

12.89 

12.94 

12.91 

0.3227 

0.0192 

16 

16.14 

16.14 

16.14 

0.4035 

0.0171 

32 

19.68 

1973 

19.70 

0.4925 

0.0149 

64 

23*51 

23.67 

23 59 

0.5897 

0.0132 

128 

2715 

26.96 

27.05 

0.6762 1 

O.OIIO 

256 

30.87 ! 

30.81 

30.84 

0.7710 

O.OIOI 

512 

3408 

33.96 

34.02 

0.8505 

0.0095 

1024 

36.18 i 

35-99 

36.09 

0.9022 

— 

2048 

38.25 

37 98 

38.11 

0.9527 

— 

4096 

39 85 

39 65 

39-75 i 

0.9937 

— 

8192 j 

; 38 96 

I 

38.96 1 

1 — 

— 

16384 

39-47 

39-53 

39-50 

— 

— 

32768 1 

37.78 

1 — j 

i 37.78 

1 — 

1 

65536 ! 

38.10 

37-93 

38-01 

— 


131072 ; 

37.48 

— 

37.48 1 

— 

— 


Moo “ 40 00 


Table XXIV —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Phenolate Using Excess of Phenol at o® 



1 

Excess 

Conductivity 


Ostwald 

V 



Dissociation 

V 

phenol 

I II 

1 Mean 

i _ - - 

constant 


I 

0% 

2,46 2.47 

2.46 

0. 1224 

0.0171 

2 

10% 

398 ! 3-99 

3.98 

0.1980 

0.0244 

4 

20% 

5.70 5.70 

5-70 

0.2836 

0.0281 

8 

40% 

7.59 ' 7 61 

7.60 

0.3781 

0.0287 

16 

80%, 

9.52 : 9.51 : 

9-51 

0-4731 

0.0265 

32 

160% 

11,46 11.44 i 

11-45 

0.5696 

0.0236 

64 

320% 

13-57 1 13-47 

13-52 

0.6726 

0.02i6 

128 

640% 

15.08 : 15.19 

15-14 

0.7532 

0.0180 

256 

1280% 

16.90 1 16.72 

16.81 

0.8363 

0.0167 

512 

2560% 

17.97 ; 17.95 

17.96 

0.8935 

0.0146 

1024 

5120% 

18.78 18.86 

18.82 

0.9363 

— 

2048 

10240% 

19.26 1 19.49 

19-37 j 

0.9637 


4096 

20480% 

19.94 j 20.16 

20.05 

0-9975 

— 

8192 

40960% 
163840% 1 

20.16 - 

20.16 1 

1.0000 

— 

32768 

20.07 1 - 

20.07 1 

— 

— 


Moft 20.10 
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Table XXV—Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Phenolate Using Excess of Phenol at 25 ° 


V 

j Excess 

1 * phenol 

i 

Conductivity 

Dissociation 1 

j 

Ostwald 

constant 

I 

II 

Mean 

I 

0 

4.14 

4.14 

4.14 

j 

0.1247 , 

0.0178 

2 

10% 

6.38 

6.37 

6-37 

0.1919 i 

0.0228 

8/3 

13 - 3 % 

7.01 

— 

7.01 

0.2111 i 

0.0212 

4 

20% 

! 8.70 

8.70 

8.70 

0.2620 j 

0.0233 

8 

40% 

i 11-30 

11.32 

11-31 

0.3407 1 

0.0220 

16 

80% 

j 14 12 

14.12 

14.12 

0.4253 

0.0197 

20 

100% 

15-13 

1 — 

15-13 

0.4557 ■ 

0.0191 

32 

160% 

17.17 

17.16 

17.16 

0.5196 . 

0.0173 

64 

320% 

20.49 

20.41 

20.45 

0.6160 1 

0.0154 

128 

640% 

23-39 

23.39 

23.39 

0.7045 i 

0.0131 

256 

1280% 

26.36 

26.20 

26.28 

0.7916 ) 

0.0124 

512 

2560% 1 

28.80 

28.60 

28.70 

0.8645 

0.0108 

1024 

5120% 

30.48 

30.57 

30.52 

— i 

— 

2048 

10240% 

31-50 

31.70 

31.60 

— 

— 

4096 

20480% 

33-17 

33.32 

33-25 

— 

— 

8192 

40960% 

33-74 

— 

33-74 

— . 

— 

32768 

163840% 

31-56 

— 

31-56 

— 1 

— 


Moo = 33-20 


Table XXVI —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Phenolate Using Excess Phenol at 35° 


V 

Excess 

phenol 

Conductivity 

I II 1 Mean 

.. _ _ 1 

1 

Dissociation 

Ostwald 

constant 

1 

0% 

4-97 

4-97 

4-97 

0.1243 

0.0176 

2 

10% 

7-46 

7.47 

7-46 

0.1865 

0.0214 

4 

20% 

9.98 

9-98 

9.98 

0.2495 

0.0206 

8 

40%. 

12.84 

12.88 

12.86 

0.3215 

0.0190 

16 

80% 

16.05 

16.13 

16.09 

0.4023 

0.0169 

20 

100% 

17.16 

— 

17.16 

0.4290 

O.O161 

32 

160% 

19.62 

19-65 

19 63 

0.4907 

0.0148 

40 

200% 

20.79 


20.79 

0.5198 

O.O141 

64 

320% 

23.55 

23-55 

23-55 

0.5887 

0.0132 

128 

640% 

27.16 

27.18 

27-17 

0.6795 

O.OII 3 

256 

1289%, 

30.90 

30.74 

, 30.82 

0-7705 

0.0101 

512 

2560% 

33.96 : 

33-81 

1 33-88 

0.8470 

0.0092 

1024 

5120% 

36.23 

36.31 

36.27 

0.9068 

— 

2048 

10240% 

37-53 

37.68 

37-61 

0.9402 

— 

4096 

20480% 

39-95 

40.06 

40.00 

1.0000 

_ _ 

8192 

40960% 

40.28 

— 

40.28 

— 

_ 

32768 

163840% 

40.02 

— 

40.02 

— 

— 


Moo = 40.00 
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Table XXVII —Conductivity, Dissociation and Ostwald Con¬ 
stant POR Potassium Phenolatb Using Excess Phenol at 0° 



[ Excess 

1 phenol 

Conductivity 

' 

Ostwald 

constant 

V 




Dissociation 


1 


Mean 



I 

i 0% 

3.16 

“3-6 * 

3.16 

0 1430 

0.0237 

2 

10% 

4-97 

501 , 

4 99 

0.2258 

0.0329 

4 

' 20% 

6.71 

6.71 ' 

6.71 

0.3036 

0.0331 

8 

AO% 

8-57 

8.56 ; 

8 56 

0.3873 

0 0306 

i6 

! 8 o 9 ^- 

10.52 

10.49 

10.30 

0.4751 

0 0269 

32 


12.47 

12.43 ‘ 

12-45 

■ 0.5633 

0 0227 

64 

‘ 3 ^ 0 % 

14.42 

14 42 , 

14.42 

0 6525 

0.0191 

128 

640% 

16 40 

16 29 

16 -34 

0.7393 

0.0164 

256 

12So^'c 


18.28 

18 35 

0 8303 

0.0159 

5 J 2 

i 2^60% 

19 78 

19.69 

19.74 

0 8932 

0 0146 

1024 

! 51 20% 

21.68 

21 58 : 

21.63 

; 0.9787 

■ — 

2048 

1 I 024 (/(. 

21.83 i 

21 74 : 

21.78 

0 9855 

— 

4096 

20480^f 

22.02 

22.30 

22 16 

1 . (XXX> 

— 

8192 

: 40960Vf, 22.04 

Moo = 22.10 


22.04 




Table XXVTII--Conductivity, Dissociation and Ostwald Con¬ 
stant for Potassium Phenolate Using Excess Phenol at 

25° 




Conductivity 



V 

j Excess 
phenol 




Dissociation 

Ostwald 

constant 



I 

II 

Mean 



1 

0% 

5 • 53 

5 52 

’ 5.52 

0.1529 i 

0 0276 

2 

10* f 

7.89 

7-91 

7 90 

0 2188 j 

0 0306 

4 

1 2oVV, 

10.13 

lo. 13 

10 13 

0.2806 1 

j 

0 0274 

8 

40% 

12.64 

12 58 

12.6i 

0.3494 1 

0.0235 

16 

1 8 o 9 o 

15-44 

^5.42 

^543 

0.4274 

0 0199 

32 

160% 

i8 46 

18.40 

18.43 

0 5105 , 

0 0166 

64 

i 320% 

21.74 

21.73 

. 21.73 

0 6019 

0.0142 

128 

j 640% 

25 • 25 

25.22 

25.24 

0 6993 

0,0127 

256 

j 128oV>fi 

28.57 

28.49 

i 28 53 ; 

0.7903 

0.0116 

512 

! 2560% 

3J-32 

31.21 

: 31-26 i 

0.8659 

0.0109 

1024 

5120% 

33-41 

33.22 

' 33-31 

0.9227 


2048 

10240% 

35-31 

3502 

: 35 17 

0.9742 ; 

— 

4096 

20480% 

36.18 

3 ^ «7 

j 36 12 

I.0000 ; 

— 

8192 

40960% ' 

36.03 

— i 

! 36.03 

— ’ 

— 


A* 00 =36. 10 






424 H. C. Robertson, Jr., and S. F. Acree 

Tablb XXIX —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Potassium Phenocatb Using Excess Phenol at 





35° 






1 Conductivity 


Ostwald 

constant 

V 

' Excess 
phenol 

I 

II 

Mean 

Dissociation 

I 

0% 

6.62 

6.62 

6.62 

0.1532 

0,0277 

2 

10% 

9.00 

9.14 

9.10 

0.2106 

0.0281 

4 

20% 

11-43 

11-44 i 

11-43 

0.2646 

0.0238 

8 

40% 

14.21 

14-17 1 

14.19 

0.3285 

0.0201 

16 

80% 

i ^ 7*43 1 

17.41 

17.42 

0.4032 

0.0170 

32 

160% 

20.96 

20.92 

29.04 

0.4847 

0.0142 

64 

320% 

24.84 

24.81 

24.82 

0.5745 

0.0121 

128 

640% 

29 -14 

29.09 

29.12 

0.6741 

0.0109 

256 

1280% 

33-22 

33-03 

33.13 

0.7669 

I 0.0099 

512 

2560% 

36.87 

36.73 

36.80 

0.8519 

0.0096 

1024 

5120% 

39-50 

39-27 

39-38 

0.9116 

— 

2048 

10240% 

42.02 

41.74 

41.88 

0.9695 

— 

4096 

20480% 

43-17 

43-12 

43.14 

0.9986 

— 

8192 

i 

40960% 1 43-27 1 
Uoo = 43.20 


43.27 

I.0000 

■ 


Table XXX —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Lithium Phenolate Using Excess op Phenol at 0“ 


V 

Excess 

phenol 

Conductivity 

r 1 

Dissociation 

Ostwald 

constant 



I 1 11 

Mean 



I 

0% 

1.17 i 1.17 

1.17 

0.0654 

0.0046 

2 

10% 

2-37 1 2.36 

2.36 

0.1319 

O.OIOO 

4 

20% 

3-87 1 3-86 

3-86 

0.2156 

0.0148 

8 

40% 

5.61 1 5.62 

5 - 6 i 

0.3134 

0.0179 

16 

80% 

7-45 : 7-45 

7-45 

0.4162 

0.0185 

32 

160% 

9.30 1 9.29 

9 29 

0.5190 

0.0175 

64 

320% 

11.27 i 11.23 

11.25 

0,6285 

0.0166 

128 

640% 

13.04 : 13.06 

13-05 

0,7290 

0.0153 

256 

1280% 

14.56 1 14.61 ] 

! 14-59 

0.8151 

0.0140 

512 

2560% 

15-94 ! 15-89 

I 15-92 

0.8894 1 

0.0x396 

1024 

5120% 

16.90 : 16.72 

r6.8i 

0.9391 i 

— 

2048 

10240% i 

17-65 ' 17-58 

1 17-62 

0.9844 i 

— 

4096 

20480% 

17-96 1 17-91 

' 17-94 

I .0000 I 

— 

8192 

40960% 

18.09 i 17.86 

1 17-97 

— i 



4 cx> = 17.90 Moo *= 

[7.6 
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Table XXXI —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Lithium Phbnolatb Using Excess of Phenol at 

25" 




Conductivity 


1. 

V 

Excess 

phenol 

— 


— 

Dissociation 

Ostwald 

constant 



I 

II j 

Mean 



1 

0% 

2.09 

2.09 

2.09 

0.0706 

0.0054 

2 

10% 

2.83 

3-83 

3-83 

0.1294 

0.0096 

4 

20% 

5 90 

589 

5-89 

0.1990 j 

0.0124 

8 

40% 

8.30 

8.30 

8.30 

0.2804 

; 0.0137 

16 

80% 

10.99 

10.97 

10.98 

0.3709 

1 0.0137 

32 

160% 

13-82 

13-85 

13-83 

1 0.4672 

0.0128 

64 

320% 

16.96 

16.98 

16.97 

I 0.5733 i 

1 0.0120 

128 

640% 

20.08 

20.10 

20.09 

0.6787 

i O.OII 2 

256 

1280% 

22.96 

23.02 

22.99 

0.7767 

0.0106 

512 

2560% 

25.61 

25.61 

25.61 

0.8652 

j 0.0109 

1024 

5120% 

27 37 

27.34 

27 -35 

0.9240 

I — 

2048 

10240% 

28.95 

28.97 

28.96 

0.9784 

— 

4096 

20480% 

29.52 

29.63 

29 -57 

0.9990 

— 

8192 

40960% 

29 -35 

29-38 

29.36 

— 

! — 


1*00 — 29.60 Calc./n00 = 28.8 


Table XXXII —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Lithium Phbnolatb Using Excess op Phenol at 





35° 






Conductivity 



V 

Excess 

phenol 



- - - 

Dissociation 

Ostwald 

constant 



I 

. 

II 

Mean 



I 

o% 

2.50 

2.50 

2.50 

0.0708 

0.0054 

2 

IO% 

4-47 

4-47 

4-47 

0.1266 

0.0092 

4 

20% 

6.75 

6.74 

6.74 

0.1909 

O.0113 

8 

40% 

9.40 

9-38 

9-39 

0.2660 

0.0120 

16 

80% 

12.37 

12.36 

12.36 

0.3501 

0.0118 

32 

160% 

15 65 

15-63 

15.64 

0.4431 

O.OIIO 

64 

320% 

1938 

19-39 

19-38 

0.5490 : 

0.0104 

128 

640% 

23.11 

23.16 

23-13 

0-6553 

0.0097 

256 

1280% 

26.76 

26.83 

26.79 

0-7589 

1 0.0093 

512 

2560% 

30.00 

29.98 

29.99 j 

0.8496 

0.0094 

1024 1 

5120% 

32-54 

32.26 

32-40 1 

0.9179 

— 

2048 i 

10240% 

34-49 

34-53 

34-51 i 

0.9776 

— 

4096 i 

20480% 

35-24 

35-33 

35-28 

i 0.9994 

— 

8192 1 

40960% 

35-10 

35-21 

35-15 1 

1 — 

— 

Moo * 35-30 Calc, moo = 34-6 
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Table XXXIV —Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Thiourazole at 0° 



( 

Conductivity 

1 



V 

. 

I 

" 'vr 

Mean l 

Dissociation 

Ostwald 

constant 

2 

3 13 

3 14 

3.13 

0.1597 

0.0152 

4 

4.98 

4-99 

4 99 

0.2545 

0.0217 

8 

6.84 

6.83 

6.83 ' 

0.3485 

0.0233 

16 

8 74 

8.75 

8.74 

0.4459 

0.0224 

32 

i 10.76 

10.76 

10.76 

0.5490 

0.0209 

64 

i 12.58 1 

12.63 

j 12.60 , 

0.6429 

0.0181 

128 

! 14-49 


: 14.45 ‘ 

0.7372 

0.0162 

256 

! 15-92 

15.88 

t 15 90 . 

0.8112 I 

0.0136 

512 

i 17-39 

17.29 

! 17 34 

0 8847 

0.0133 

1024 

i 18 39 

— 

1 18.39 i 

0.9383 

— 

2048 

! 19.08 

18.86 

1 18.97 1 

0.9679 

— 

4096 

i 19-58 i 

1 19.27 

19-43 : 

0.9913 

— 

8192 

1 19.82 

1 — 

19.83 • 

— 

— 


Aioo = 19 60 


Table XXXV*^—Conductivity, Dissociation and Ostwald Con¬ 
stant FOR Sodium Thiourazole at 25° 




[Conductivit} 

T 

- ' ‘ 


V 

I 

ir 

Mean 

Dissociation 

Ostwald 

constant 

2 

5-46 

5-47 

5.47 

0.1653 

0.0164 

4 

8,21 

8.23 

8.22 

0.2483 

0.0205 

8 

11,05 

11.05 

11.05 

0.3338 

0 0209 

16 

13.91 

^ 3-95 

13 93 

0.4208 

0.0191 

32 

17.06 

16.99 

17 03 

05145 

0,0170 

64 

20.05 

20.11 

20,08 

0.6066 i 

0.0146 

128 

23.12 

23.04 

23.08 

0.6973 ! 

0,0125 

256 

i 25.77 

25.71 

25.74 

0.7776 

0.0106 

512 

28.62 

28.54 

28.58 

0.8634 

0.0107 

1024 

30.81 

— 

30.81 

0.9308 

— 

2048 

32.15 

31-84 

32.00 

0.9668 

— 

4096 

33 03 

33 04 

33 04 

0.9982 

— 

8192 

33.21 
^00 = 33- 

10 

33*21 

I.0000 
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Tabijs XXXVI —CoNoucTiviTY, Dissociation and Ostwai.d Con¬ 
stant FOR Sodium Thiourazoue at 35® 


V 

Conductivity 

Dissociation 

Ostwald 


I 

II 

Mean 

constant 

2 

6.54 

6.56 

6.55 

0.1650 

0.0163 

4 

9.60 

9.61 

9.50 

0.2418 

0.0193 

8 

12.91 

12.91 

12.91 

0.3252 

0.0196 

16 

16.28 

16.31 

16.30 

0.4106 

0.0179 

32 

19.86 

19.86 

19.86 

0.5003 

0.0157 

64 

23-54 

23.54 

23.54 

0.5930 

0.0135 

128 

27.26 

27.19 

27.23 

0.6859 

0.0117 

256 

1 30.52 

30.45 

30.48 

0.7677 

0.0099 

512 

33.95 

! 33.87 

33 91 

0.8542 

0.0098 

1024 

37.19 

— 

37.19 

0.9368 

— 

2048 

38-49 

38.12 

38.30 1 

0.9647 

— 

4096 

39 65 

39-71 

39-68 ! 

0.9995 

— 

8192 

40.45 

— 

40.45 ' 

— 

— 


Moo = 3970 


Salt 

K0C^6 

NaOCjHs 

LiOCjHs 

KOQHs 

NaOCoH* 

LiOC^I* 

Nal 

NaBr 

Sodium thiourazole 


Table XXXVII 


0° 

Chosen 

22.20 

Calculated 

22.37 

Chosen 

19.90 

Calculated 

19.89 

Chosen 

18.60 

Calculated 

18.72 

Chosen 

22.10 

Calculated 

21.84 

Chosen 

20.10 

Calculated 

20.10 

Chosen 

17.90 

Calculated 

17.84 

Chosen 

25.20 

Calculated 

25 15 

Chosen 

23 *50 

Calculated 

23.27 

Chosen 

19.60 

Calculated 

19-93 

Ratio 

I.000 


25® 

35“ 

37-20 

44-40 

37-17 

44.26 

33-20 

39-20 

33-05 

39-36 

31.10 

37-20 

31-12 

37.06 

36.10 

43-20 

36.30 

43-23 

33-20 

40.00 

33-40 1 

39-79 

29.60 

35-30 

29.65 

35-31 

41-50 

50.00 

41-79 

49-76 

39-30 

45-20 

138.68 

46.05 

33-10 

39-70 

33 13 

39-45 

1.662 

1-979 
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Table XXXVIll —Comparisons of the Sums of the Duplicate 
Series of Conductivity Measurements 


Salt 

Temp. 

I 

II 

■ 

Variation 

in 

percent 

NaOC*H6 

0° 

15319 

153.48 

0.18 


25° 

245 -39 

245.44 

0.02 


35 

286.55 

286.78 

0.08 

KOCiHs 

0“ 

173*42 

173.06 

0.21 


1 

277.07 

276.97 

0.04 


35 

323*13 

323*24 

0.03 

LiOCsHs 

0“ 

125.68 

125*99 

0.24 



198 43 

198.65 

0. II 


35 

230.10 

230.37 

0. 11 

NaOCeHs 

0“ 

142.13 

142.34 

0. 14 


25° 

223.77 

223.87 

0.04 


35 

261.18 

260.62 

0.22 

NaOC«H6 + excess phenol 

0“ 

142.27 

142.40 

0.09 


25“ 

222.83 

222.68 

1 0.07 


35 ° 

260.25 

260.36 

0.04 

KOCjHs + excess phenol 

0“ 

158.89 

158.37 

i 0.33 


25° 

245 69 

244.85 

0.35 


35 

285.30 

284.37 

0.33 

LiOC«Ht + excess phenol 

0“ 

119.13 

118.84 

0.25 



186.86 

186.89 

O.OI 


35 

217.42 

217.23 

0.09 

NaBr 

0“ 

158.98 

158.44 

0.34 



252.01 

252.21 

0.07 


35 ° 

293 95 

293.62 

0. 12 

Nal 

0“ 

205.09 

204.85 

0. 12 



328.21 

i 327.91 

0. ro 


35 

i 386.97 

386.94 

0.00 

Sodium thiourazole 

o' 

132.30 

131.93 

0.28 


25° 

216.21 

215.74 

0.22 


35° 

1 256.14 

1 255.61 

0.21 


Average variation o. 15 







Table XXXIX 

Viscosities oe Solutions of Sodium Ethylate, Sodium PhenoCate, and Sodium Iodide, and Mixtures 
_ OF these Electrolytes in Absolute Ethyl Alcohol at 25° and 35° 
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Conclusions 

1. Alcohol having less than o.oi percent water and a 
conductivity around o.io X lo'* was made comparatively 
easily. 

2. When this was used as solvent the conductivities of 
sodium, potassium and lithium ethylates, sodium, potassium 
and lithium phenolates, sodium iodide, sodium bromide, 
sodium i-phenyl-3-thiourazole, and mixtures of these were 
measured comparatively easily, duplicate observations agree¬ 
ing generally within 0.5 percent. 

3. The temperature coefficients for the conductivities 
of the very dilute solutions are practically the same for all 
the salts and average 2.65 percent per degree between 0° 
and 25° and 2.8 percent per degree between 0° and 35°. 
The temperature coefficients for the concentrated solutions 
are somewhat larger and vary considerably with the different 
salts. 

4. The lithium ethylate and lithium phenolate with solu¬ 
tions more dilute than .V, 2 give a constant when the proper 
data are inserted in the Ostwald dilution formula. All of 
the other electrolytes studied give values which gradually 
decrease as the concentrations decrease. 

5. The conductivities of mixtures of the electrolytes 
studied can be calculated by Barmwater’s method for the con¬ 
ductivities of the individual electrolytes, provided that the 
total concentration of the electrolyte is not more than N/2. 
The conductivities as well as the viscosities of the mixtures 
of N/i solutions are less than those calculated by Barm¬ 
water’s method. 

6. Electrolytes in ethyl alcohol cause a very much larger 
percentage increase in viscosity than do the corresponding 
electrolytes in water. The viscosities of our mixtures of electro¬ 
lytes are additive, provided that the total concentration is 
not more than N/2. Mixtures of N/i solutions have vis¬ 
cosities smaller than those calculated by this additive prin¬ 
ciple; the conductivities are also smaller than those calculated 
by Barmwater’s method. The conductivity and the vis- 
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cosity data show that in these alcoholic solutions having con¬ 
centrations less than N/4. the ratio Mv/moo ^ doser ap¬ 
proximation to the value of a than does the formula 
used by Noyes, Washburn and others, though 
ndther formula is correct for the N/2 and N/i solutions. 

Johns Hopkins University 
June 7, igio 



NEW BOOKS 


Le Froid industriel. By L, Marchis. iq X cm; pp 327, Paris: Li- 
brairie Felix Alcan, ZQ13. Price, 3.30 francs .—Though the first successful ex¬ 
periments on preserving food by artificial cold were made by a Frenchman, 
Charles Tellier, the cold storage industry has been developed by English, Amer¬ 
icans, and Germans and is of relatively slight importance in France The author 
believes that this has been due to the Frenchmen overlooking some of the im¬ 
portant conditions during the early development of the industry and it is his 
object to point out in this book the fundamental principles. The first three 
chapters deal with the different tyixjs of ice machines and the fourth with insu¬ 
lating materials. The fifth chapter describes the construction of a cold-storage 
warehouse and the sixth the method of keeping different forms of food. Artificial 
ice is the subject of the seventh chapter, the eighth chapter is concerned with the 
refrigeration of meat at the packing houses while the ninth chapter deals with the 
special problem of fish. 

On p. 11 the author says: “The success of a warehouse for the cold storage 
of food depends ver>' largely on the satisfactory thermal insulation of the storage 
rooms When once chilled, these must not tend to warm up too rapidly owing 
to a flow of heat from the outside. As we shall see later, provisions keep tlieir 
market value only in case all parts of the storage rooms are kept as nearly as 
possible at a constant tcmfierature Chilled meat, for instance, must be kept 
between the limits of 4-2 ® and +4° C; a room in which the temperature fluctu¬ 
ated between “-4'^' and -f6'’ would be very unsatisfactory for storing meat. 
Such a constancy of temperature in different parts of a room is possible only 
when the room is properly insidated A carefully constructed insulation is an 
expensive thing if gmid materials are used For this reason people are apt to 
economize on insulation, and exjiensive machinery’ is relied on to counteract 
defective insulation. ’ ’ 

Instead of saying that the vaporization of a liquid absorbs heat, one may say 
that it produces cold The author therefore speaks, p. 18, of the production 
of kilogram frigories instead of the absorption of kilogram calories On p. 
220 the author discusses the conditions for making transparent or opaque ice. 
The conditions favorable to transparency are agitation, slowness of freezing, 
absence of dissolved air, and absence of dissolved salts. 

Frozen or hard beef must be frozen very slowly if good results arc to be ob¬ 
tained. With dry air at —5 ® it takes several weeks to freeze a quarter of beef, 
p. 251. With air at —12° to —15'’ the time is cut down to about four days. 
Frozen beef is kept at a temperature of —6® to —8® and shows no deterioration 
inside of six months. Eggs are kept at 4 - 2 ® to 4 -3and the moisture content 
of the air must be 75-80% in order to prevent evaiwration, p. 208. If properly 
handled, eggs may be boiled if they have been kept not more than three or four 
months in cold storage. After four months, however, the evaporation has been 
sufficient to make it advisable to cook the egg some other way. According to 
the author six months is as long as an egg should be kept in cold storage. 

Wilder D. Bancroft 
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Cheznistry in the High School. By E. P. Schoch. 22 X 15 cm; Part I, 
pp. J5, Parts 11 and III, pp. 210. Bulletins of the University of Texas Nos. S2Q 
and 375, Austin {1914). —In the preface the author says: *'Today our home 
life, our commerce, and the practice of our trades and professions involve chemical 
operations so frequently and require so much knowledge of the composition and 
properties of substances that the acquisition of such knowledge by young people 
is really a prime necessity A course in chemistry can give such information. 
Of course, training is the first object of all school work, but in the study of chem¬ 
istry training can be given while information of practical value ks given. Gen¬ 
eral facts and principles can be illustrated with material met in daily life as well 
as, if not better than, with substances rarely met with. A course in chemistr>' 
can include more information of practical value than probably any other high 
school course, and if properly conducted the chemistry course will vSer\"e to train 
young minds just as well as any course primarily designed for this pdrpose. 
The study of chemistry gives young people much that is essential in all walks of 
life and it is an absolute necessity for the great number who deal directly with 
materials, such as painters, builders, merchants, farmers, housekeepers, etc. 

*"The high school chemistry course as generally given up till now does not 
attain the above object as nearly as it can be obtained by a course specially de¬ 
signed with this in view. This has just been recognized by a great many chemistry 
teachers, and the effort to change the chemistry course in accordance with this 
idea has just begun. Naturally it is very difficult to introduce such a course 
at this time because there are no text-books on the market which really fit these 
peculiar conditions Hence all teachers, even those who are otherwise well pre¬ 
pared in chemistry, must be allowed extra time for planning and executing a 
course along the new line.” 

There is no question but that the introductory course in chemistry as given 
at schools and colleges is not well adapted to those who are not going to take 
more chemistry. The problem is what to put in its place. The author gives 
us one solution and a very interesting one. He includes a great deal of material 
—perhaps too much. It is very doubtful whether such a course should include 
a chapter entitled: irmization and the general relation between dissolved acids, 
bases, and salts which results in a metathetical reaction. The following headings 
to some of the chapters will give some idea of the ground covered: fuels and in¬ 
dustrial waters; some experiments on silicates and phosphates—to illustrate some 
of their industrially important compounds; the effect of forces acting in the sur¬ 
faces of contact between different substances; the chemical changes at the poles 
of electrolytic cells; battery cells and oxidation and reduction reactions; the 
periodic system; the fundamental principles of organic chemistry and the chief 
types of organic compounds; animal and vegetable fats and oils, carbohydrates, 
and nitrogenous food constituents 

The object of the author has been rather a condensation than a selection. 
While this is not exactly the course in chemistry which the reviewer has vaguely 
in mind, it is an interesting one and it is a distinct step in advance because it is 
an attempt to adjust our teaching to things as they are. We know perfectly 
well that only a small percentage of high school students go to college and that 
only a limited number of the ones who do, go on with chemistry and yet we 
arrange our introductory course solely for the benefit of those who intend to take 
other courses in chemistry. 
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These bulletins have been issued !)y the University of Texas primarily for 
the benefit of teachers interested in the teaching of chemistry. In applying for 
them, teachers should state the positions they hold No charge is made to 
teachers in Texas; a charge of fifty cents is made to teachers in other states 
Orders should be addressed. Bulletins, University of Texas, Austin. Re¬ 
mittances arc payable to the Auditor of the University of Texas. 

Wilder D. Bancroft 

Leavening Agents. By Richard N. Hart. 2j X is cm; pp iv -f 90 FMston: 
The Chemical Publishing Co, 1914 Price: $1.00 —In the preface the autlior 
says- '"This volume fill.s a gap in the literature of baking in this country The 
baker knows a g(X)d deal about his flours and also how they are made, but he 
knows very little about his yeast and less still about his baking powder. He has 
been well supplied with literature on the technology and chemistry of flour, 
but much of the data on his aerating agents has either been much over his head 
or el.se has been purpo.sely misleading 

The book deals with yeast, salt-rising fermentation, baking powders, aerated 
bread, and milk powder. Nowadays, practically all breweries and many dis¬ 
tilleries and yeast factories start their mother liquor from a single yeast cell 
according to one of the pure-culture systems, p. 16. Dry yeast cakes made with 
fine grain or barley meal were used by the Roman bakers 

The use of yeast runs back a long ways, p. 43. Barley bread four thousand 
years old, taken from the tombs of Kgypt, .showed yeast cells under the micro- 
scojK* This ancient yeast came from the ‘leaven* which was merely a portion 
of dough taken from a previous batch, and well crowded with all manner of 
yeasts, wild yeasts and bacteria. As a result leavened bread contained its full 
share of lactic and other flavors which these mixed ferments set up. This kind 
of ferment starter has been standard for centuries. The Scotch barm and the 
potato ferment are raodiiications of the leaven, in which the mixed yeasts from 
an original spontaneous fermentation are so treated that bread yeasts become 
predominant, lactic acid bacillus, which seems to have its function in giving a 
buttermilk flavor, is encouraged in the barms. After the bakers began to go 
to the brewer for his top or bottom yeasts, they found that they could save 
themselves time and money; and later the industry of pompressed yeast making 
has driven barms and potato mixtures out of progressive regions. Compressed 
yeasts have also helped to make straight dough and short fermentation recipes 
more popular.'* 

From experiments by Kohinan it appears, p. 50, that “the ordinary salt¬ 
rising fermentation is brought about by bacteria, which act principally on the 
sugars of the flour and milk and especially on milk casein. These bacteria seem 
to consist of a mixed flora, some of which as spores live through the boiling 
temperature and would be found in batter from boiling milk, while others, not 
capable of forming spores, died at a temperature of 77° C. Among these was 
the variety separated for his pure culture; this was thought to belong to the coU 
group—the same that was called bacillus levans by Wolffin and Lehman. None 
of tliese varieties was kept in liquid media over 24 hours, but could be made up 
in a dry starchy cake for indefinite future use.’* 

Under baking powders, the author says, p. 62: “The first requirement of 
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a baking powder, of course, is that its reaction in the dough, and its residues, 
shall be harmless to the consumer. If the 'baking powder controversy’ was 
of special value to the world it was in showing there is no record as yet of injurious 
result from using any baking powder well made by any of the standard formulas. 
In a baking powder it is not a question of whether ‘alum’ is harmful or phosphate 
and cream of tartar wholesome but of whether their residues in bread are dele¬ 
terious. Using the three primary powders according to recipe, one would have 
to eat the following number of biscuits to take a dose of residual salts: 

Biscuits 

Cream of tartar 48-96 

Phosphates 120-240 

Alum 80-160” 

The baker and housewife must bear in mind that when a good baking powder 
is mixed in the dough, “it will be a different substance in the baked bread. 
Neither ‘alum,’ phosphate nor cream of tartar will remain.” 

On p. 69 we read that “the first aerated bread patent was taken out in 
England in 1832 by Luke Wright. In 1856, Dr John Dauglish brought forth 
the process which bears his name. He made bread by mixing flour and water 
charged with carbon dioxide under pressure. The releasing of the dough in the 
pans and the heat of the oven expanded the gas in solution and raised the dough. 
Thus he obtained bread without yeast or fermentation. The primary claims of 
Dr, Dauglish for his process were that by doing away with the process of fer¬ 
mentation his bread was cheaper and more nutritious. Both his method and the 
present American method will be here described, more because of their interest 
and possibilities tlian because of economic success.” 

In regard to milk powder, the author says, p. 75: “The first account of 
powdered milk is found in Marco Polo’s report of his travels in Tartary in the 
interior of Asia. In about 1290 he found the Tartars drying milk in the sun, 
pulverizing it into powder and placing it in packs to be carried on their excursions 
into the territory of their enemies Powdered milk was again heard of in England 
about 100 years ago. It has recently come to the front very prominently in 
this country. It is quite likely that wholesale milk users will in time u.se milk 
powder to the exclusion of the original liquid.... 

“Milk can be successfully reduced to powder by removing a portion of its 
water by agitation in a vacuum pan; the boiling is thus carried on at a tempera¬ 
ture below the coagulation point of albumen. This condensed milk is then 
sprayed into a current of hot air. This reduces the moisture to less than three 
percent. It is then sterile to the lactic acid bacteria, and can be kept indefinitely. 
The albumen has not been cooked and the butter fat has not been broken down, 
because the rapid evaporation of the milk spray reduces the temperature of 
each spray drop until dry. The pasty stage (between 10 to 40 percent water) 
has been passed while in the air in a finely divided state. Lewis C. Merrell 
estimates that each pint of milk has a spray surface of two acres.” 

Wilder D. Bancroft 



THE DENSITY OF OXYGEN 


BY ALBERT E. O. (iHRMANN 

The recent perfections in the experimental technique of 
the work on gases are so manifold and far reaching in their 
character that measurements of the highest degree of ac¬ 
curacy may now be made in one-half to one-fourth the time 
the methods of less than fifteen years ago required. This 
development is giving rise to renewed activity along these 
lines on the part of investigators, new fields of work have 
been attacked, and progress made that would have been im¬ 
possible fifteen years ago. The most conspicuous example 
of this is the recent work on atomic and molecular weights 
by purely physico-chemical methods, such, for example, 
as the revision of the atomic weight of nitrogen, undertaken 
and carried to successful completion by Guye* and his col¬ 
laborators. 

vSince oxygen has by common consent been chosen as the 
basis of all atomic weights, the accuracy of every method 
wherein the density of this gas is in any way involved is limited 
by the accuracy with which the density of oxygen is known. 
Until recently, however, the density of all gases was referred 
to that of carbon dioxide free air,- weighed under the same 
conditions, and set equal to unity. Hence the determination 
of any density presupposed a double operation, the consecu¬ 
tive weighing under the same conditions of air and the gas 
under consideration. Recent investigation has, however, 
shown that the limit of accuracy attainable in the weight of 
a pure gas far exceeds that attainable in the weight of air; 

^ Ph. A. Guye "Recherches Expcrimcutales sur les Propriet^s Physico- 
Chimiques de quelquCvS Gaz.” Reprinted from the “Memoires de la Socit’tt' 
de Physique et d'Histoire Naturelk* de Geneve” of December, 1908. ”Nouvelles 
Recherches sur Ic Poids Atomiqiie de TAzote,” lecture delivered before the 
Society Chimique dc Paris in June, 1905. “Travaux R6ccnts executes d Geneve 
sur la Revision des Poids Atomiques,” Arch desScicnct\s Phys. et Nat. de Geneve, 
37, 557 (1909); Zeit. anorg. Cheni , 64, i (1909). 

2 See, for example, A. Leduc- ”Recherches sur les Gaz.," p. 27 (1898); 
Ann. chim. phys., (7) 15, 27 (1898). 
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and we have been forced to conclude that slight changes in 
the composition of the latter take place, depending on certain 
conditions not yet well established.' 

It is interesting to note, however, that the earliest de¬ 
terminations of the density of gases were performed so as to 
give the absolute weight of the unit volume; the results so 
obtained, however, were not strictly comparable, because 
there was no agreement as to the temperature, pressure, 
or the units of measuremenf that should be used to express 
the results; and the variety of units in use, not to mention the 
possibility of various interpretations, made a comparison an 
exceedingly laborious undertaking. So, for example, Th. de 
Saussure- determined the weight of a liter of oxygen saturated 
with moisture at 12.5° and xmder a pressure of 758 mm. to 
be 1.3563 g. Thomas Thompson’ calculates from this that 
the density of oxygen referred to air is 1.13521; Dumas and 
Boussingault'* from apparently the same data derive the 
value 1.1056. From this circumstance arose the custom of 
referring all gas densities directly to air, for then there was 
no further chance of misunderstanding, and the results were 
intelligible to everyone. With the international adoption of 
the metric system for scientific purposes, this objection was 
no longer valid, but the custom continued in use, despite the 
objections of such great men as Regnault, and not until very 
recent times has the faultiness of the system been generally 
recognized. 

But even the absolute weight of a given volume of gas 
under given conditions varies from place to place; and so, 
with the refinement of balances, it became necessary to define 
the place of weighing by indicating the latitude and the height 
above sea level; in other words, to give the value of the gravity 
constant “g” at the place where the measurements were 

' Ph von Jolly Wieil Ann , 6, 520 (1879); Morlcy. Am. Jour. Sci., 22, 
417 (t88il; Guyc, Kovacs and Wourtzd; Comptes rendus, 154, 1424 (1912). 

* Annale.s de Chimie, 71, 254 (1809), Nicholson’s Journal of Natural 
Philosophy, 26, i6r (1810) 

“ Compte.s rendus, 12, 1048 (1841) 

* Ibid , 12, loi,^ {1841), Ann chim phys., (a) 3, 275 (1841). 
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carried out; this again necessitates annoying calculations to 
make the results of various experimenters comparable. The 
most modern usage is that introduced by Morlcy, in which 
the density of a gas is the weight in grams of the normal 
liter, that is, the weight of a liter of the gas under considera¬ 
tion at the temperature of melting ice, under a pressure of 
760 mm of mercury, tat sea level in latitude 45 ° N; the ex¬ 
pression ‘'normal liter’* will be used in the above defined sense 
in this paper, and designated by the abbreviation L\. 

Historical Survey 

Galileo in the first half of the seventeenth century had 
proven that air had weight; but the actual operation of 
weighing it presented unusual difficulties. However, the first 
measurements of the weight of air were made a little later by 
Otto von Guericke, after he had in 1650 invented the air 
pump. vSuch early attempts must have been very unsatis¬ 
factory, as even the efforts of such great masters as Lavoisier, 
Berthollet, and Davy, o\er a century later, were still very 
crude. Lavoisier makes frecjuent reference in his w'orks to 
the densities of oxygen and air, without going into the details 
of their measurement. This is true of most of the earlier 
experimenters, and is not to be wondered at, for it was thought 
that all that was necessary for the determination was to w'cigh 
a flask, first empty, and then filled with the gas in cjuestion, 
noting the temperature and the height of the barometer a 
very simple operation indeed. Even the method described 
by Biot in his “Traite de Physique,”^ a method in use for 
many years, was anything but accurate, despite the author’s 
recommendation. In its essential details, the method in¬ 
cluded the following points: A glass globe of five or six liters 
capacity, provided with a metallic stopcock capable of hold¬ 
ing a vacuum, is evacuated as well as possible, the residual 
pressure measured, and the globe weighed on a good balance. 
Then the stopcock is slowly opened and the globe allowed 
to fill with air; the globe is again weighed, and the barometer, 

' Biol: Traite de Physique, Paris, i, 347~398 (1816). 
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thermometer and hygrometer are read. Finally the globe 
is again evacuated and filled with the gas whose density is 
to be determined, and which has been stored over water; 
the globe is weighed, and barometer, thermometer and hy¬ 
grometer readings again made. To arrive at the density, 
a long series of corrections are necessary: air displaced by the 
globe, cubical expansion of the globe, jresidual pressure, hy¬ 
groscopic condition of the gas, reduction to standard tempera¬ 
ture and pressure. Further, Biot suggests that the true 
weight of the globe is best expressed by the average of the 
weights empty, before and after the weighings full. The 
quotient of the weight of air into the weight of gas under con¬ 
sideration gave the density relative to the former. The globe 
was calibrated by means of water, and corrections made to 
reduce to zero. Then a simple calculation gave the absolute 
weight, which was reduced to sea level and 45 It is interest¬ 
ing to note that Biot recognized the danger of filling the globe 
with a gas saturated with water vapor; for the gas, on expand¬ 
ing in the evacuated globe, cools off to such an extent that 
a large percent of the water vapor is precipitated on the walls 
of the globe, which necessarily results in a density that is much 
too high. Biot indicates that this may be avoided by the 
desiccation of the gas, but adds that this is less certain, and 
that by following certain precautions he believes no precipita¬ 
tion takes place. 

That Biot erred is plainly shown by the results obtained 
by him and Arago,^ for the inexact values of the physical 
constants in use a hundred years ago would not alone suffice 
to give the uniformly high values they obtained: 

atr = 1*299075 gm. 

oxygen = 1*43353 gni* 

riie method of Biot and Arago in its essential details 
remained the standard for a period of forty years; and the high 
esteem in which it was held may be seen from a remark made 
by Berzelius and Dulong- in choosing a method for similar 

* Biot et Arago. Memoires de riastitut, 7, 301 (1806). 

* Ann. chim. phys , 15, 386 (1820) 
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work: . apres que M. M. Biot et Arago eurent ap- 

porte dans la inesure des pesanteurs specifiques des principaux 
gaz les soins les plus minutieux.** These authors, however, 
prefer weighing the gas dry, and recommend collecting it 
over water covered with a layer of oil to prevent impurities 
dissolved in the water from contaminating the gas, and subse¬ 
quently passing the gas over desiccating agents. Notwith¬ 
standing these precautions, they arrive at a density for oxygen 
relative to air much lower than the true value, viz., 1.1026, 
though it is in the sense that one would suppose; for Biot 
and Arago had weighed oxygen saturated, or nearly so, with 
moisture, and air as it was furnished by nature, so that the 
error on the latter must have been less than in the case of 
oxygen; this would lead to a higher relative result than when 
the two gases are weighed in the same state of humidity, 
or dry, as in the case of Berzelius and Dulong. 

During the greater part of the first half of the nineteenth 
century the values given by Biot and Arago remained classic; 
and this is not surprising, if we consider for a moment a list 
of values of the density of oxygen referred to air found by the 
most careful experimenters, as given by Dumas and Boussing- 
ault:’ 


1.087 

Foucroy, V’^auqucliii and Seguin.^ 

1.088 

Allen and Pepys.'^ 

1.1026 

lierzelius and Dulong.^ 

1.103 

Kirwan.^ 

I 1036 

Biot and Arago.*’ 

I .1056 

de Saussure.^ 

I 1111 

Thom as Thomson. ^ 

1.128 

Davy 


of which the value found by Biot and Arago, 1.1036, happens 
to be the exact mean. 

* Ann. chim. phys., (3) 3, 257 (1841). 

2 Annales de Chimic, 8, 230 (1791) 

® Phil. Trans., 97, 267 (1807). 

* Ann. chim. phys., 15, 386 (1820) 

® Phil. Trans., 71, 7 (1781). 

® Mtooires de Tlnstitut, 7, 301 (i8o(>). 

^ Annales de Chimie, 71, 254 (1809). 

* Annals of Philosophy, 16, 161 (1820); Comptes rendus, I2, 1048 (1841). 
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Dumas and Boussingault’ in 1841 brought certain note¬ 
worthy perfections to the method. They, like Berzelius 
and Dulong, weighed the gases dry, and even avoided collect¬ 
ing the gases in tanks over water by choosing a suitable re¬ 
action for their preparation as needed, and passing them di¬ 
rectly from the generator through desiccating tubes into the 
globes. The difficult question of the temperature was par¬ 
tially solved by them, in that they suspended an accurate 
thermometer on the interior of the globe, and placed the globe 
itself in an air bath whose temperature was kept constant by 
a layer of water filling an annular space in the walls. They 
did not start weighing until after the second filling of the globe. 
In wiping the globe preparatory to weighing it, they notiecd 
that the surface became electrified, which seriously hampered 
the weighing, for the electricity was but slowly' dispersed; 
they found no remedy. Up to this time weighings had been 
made on open balances; Dumas and Boussingault rendered 
their weighings more exact by' allowing the globe to hang in 
a chest beneath the balances. With these precautions, they 
succeeded in finding a value for the density of oxygen relative 
to air equal to 1.1057; they did not determine the absolute 
weight of the liter. 

With the work of Regnault- a new era in the determina¬ 
tion of the density of gases begins. With wonderful insight, 
he saw the weak points of the methods then in use. and his 
master mind devised a scheme which so far remedied them 
that, in its main details, the method is still in use today. The 
greatest improvement was the introduction of the counter¬ 
poise of the same shape, size, weight and material as the 
globe, which at one blow made the weighings absolutely in¬ 
dependent of atmospheric conditions and changes. Of scarcely 
less importance was the simple expedient of surrounding the 
globe, during the filling and evacuation, with melting ice, 
which insured the temperature to at least a hundredth of a 
degree, and at the same time eliminated all temperature cor- 

' Ann. chim phy.s , ,3) 3, 257 (1841). 

Memoires de I’Acadeiiiie, 21, 121 (1847). 
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rections. The pressure was determined as in the older methods 
—^that is, by allowing equilibrium to be established with the 
atmosphere, and reading the atmospheric pressure; this was 
read from a special barometer of 20 mm internal diameter. 
The residual pressure was determined directly on a specially 
designed baro-manometer of which the barometer above 
mentioned formed a part. The globe, of about ten liters 
capacity, was supplied with a brass stopcock, as in the older 
methods. The volume was determined by filling with distilled 
water at zero, the whole being plunged in melting ice for a 
period of from twelve to eighteen hours to attain this tempera¬ 
ture, and weighed in a room whose temperature was 4° to 
6" C, to keep the water from overflowing. In filling the globe 
with a new gas, the gas was not considered pure until the globe 
had been filled with it at least three times, and evacuated as 
well as possible each time. Then to avoid electrification by 
wiping, Regnault wiped with a damp cloth. The globe, 
ready for weighing, was suspended from the beam of a balance 
and left until the next day, when the weighing was made by 
observing the deflections of the needle with a telescope. 

Regnault arrived at the following values: 

Weight of a litei of oxygen in Paris . i .429802 gm. 

Weight of a liter of air ... i .293187 gm. 

This gives us: 

oxyficn ~ 1 •42'>33 gm. 

L.\ a,r = 1.29276 gm. 

Accepted, as the method was, as the standard of excellence 
by the scientific world, the numerical re.sults of Regnault's work 
were the classic values through a long series of years; and a 
series of articles has appeared in which various corrections 
have been applied. It would be useless to discuss these cor¬ 
rections here, for experience has shown that where a series of 
small corrections has been neglected, as was the case in Reg- 
nault’s work, they tend to neutralize one another, being first 
positive, then negative. That we may consider this to have 
occurred, a few points tend to show: no one will dispute 
that, of all the gases worked on by Regnault, air was the purest. 



444 


Albert F. O. Germann 


and the value found by him coincides exactly with that found 
later by Leduc, viz., Ln a,t = 1-29273; on the other hand, 
if we apply the corrections advocated since Regnault’s time, 
his number becomes Ln a,r = 1-29306, a difference of two 
and a half parts in ten thousand,’ which seems hardly prob¬ 
able. Leduc- is probably right when he says that so many 
corrections are not permissible; hence we will adopt as his 
number, the result which he himself indicates. 

Some years later, Ph. von Jolly made some measure¬ 
ments on oxygen and air, and showed that globes of a capacity 
of one liter could be successfully used in the determination 
of gas densities; the globe employed by him was provided 
with a glass stopcock instead of the classic brass cock, and so 
the dead weight was reduced from about a kilogram to 150 
grams. Von Jolly arrived at the following values for the 
normal liter:* 

FNoKvgen = I.42892 gm. 

L;Va;r = I-293085 gm. 

Lord Rayleigh indicates' that these values should be cor¬ 
rected for the contraction of the globe when evacuated, and 
deduces the figures: 

f-'N oxygen ~ 1.42924 gm. 

Lk air = 1.29340 gm. 

Von Jolly found differences in the density of air, which he 
attributed to changes in its compo.sition, depending on the 
direction of the wind. 

The first important work to appear after this was that of 
Lord Rayleigh,'’ who first called attention to the fact that the 
compressibility of the globe when evacuated had been neg¬ 
lected by previous experimenters. Besides the question of 

' For these notes, see the following- W I.asch Pogg. Ann. Ergknzungs- 
l>and, 3, .t2i (1853); R Kohlrauseh Ibid., 98, 178 (1856); Crafts: Comptes 
rendus, io6, 1662 (1888) 

2 “Recherches sur les Gaz p 26 
Wied. Ann , 6, 520 (1879), 

4 Proc. Roy. Soc., 53, 134 (1893). 

* Ibid., 43, 356 fi888); 53, 134 (1893); Cheni. News, 57, 73 (1888). 
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contraction, Rayleigh paid much attention to the difficult 
question of the pressure. He used a special form of manometer, 
which required that the pressure be always brought to the 
same value, viz., the distance between two points of an iron 
rod. The diameter of the barometric tube was 21 mm. Be¬ 
fore each reading of the instrument, the vacuum above the 
upper mercury surface was tested by renewing the vacuum 
with the mercury pump. The entire apparatus was composed 
of glass sealed together, a very important innovation. The 
globe used had a capacity of about iBoo cc. The values 
found by Rayleigh are as follows: 

oxygen ~ I .429O4 
Lx ate = 1.29284 gm. 

In 1895. K. W. Morley^ published his great work on the 
deiivsitics of oxygen and hydrogen. He described an ex¬ 
tremely carefully conducted series of measurements, using 
glol)es of from 8 to 21 liters capacity, and varying the con¬ 
ditions of his ex{)erinients very greatly (conditions such as 
the temperature, the source of the gas, and method of de¬ 
termining the pressure). In three series of determinations, 
comprising in all 41 experiments, he reached the following 
results for oxygen : 

1st series, Lx oxygen — 1.42879 gm. ^ o.(xx:)034 

2nd series, L\oxygen = 1.42887 gm. ± 0.000048 

3rd vseries, L\ oxygen — 1.42917 gm. =*= 0.00(^048 

and giving the third series double weight in the calculation of a 

mean, he reaches the value: 

L^ oxygen = 142900 gm. =±= O.OCXX)34 

Julius Thomsen- in 1896 by a simple volumetric method 
found for oxygen the value: 

Lx oxygen 1.42906 gill. 

Two years later Leduc published his great researches on 
the gases.He used globes of about 2.3 liters capacity, an 

^ Smithsonian Contributions to Knowledge (1895); Zeit. phys. Cliem., 20, 
68 (1896). 

* Zeit. anorg. Chem , 12, i (1896). 

® Ann. chini. phys., (7) 15,5 (1898); reprint/‘Kecherches sur les Gaz.,” 
Gauthier-Villars, Paris (1898) 
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apparatus whose parts were connected by lead capillary tubing, 
and a special barometer of 23 mm diameter. He paid par¬ 
ticular attention to the loss of weight of the evacuated globe, 
taking as its real weight at the moment of weighing the gas 
under consideration, the mean of the weights when evacuated 
before and after. Thus he found the weights of the normal 
liter of oxygen and air to be: 

TjV oxygrn ~ 1.42876 gm. 

Lffair =I.29273 gm. 

The oxygen was obtained from two sources, electrolysis and 
potassium permanganate. Leduc believes to have proven 
that the composition, and hence the density, of air varies from 
place to place, and from time to time. 

Of theoretical interest is the work of J. Giesen,* who 
determined the density of oxygen relative to air, using the 
microbalance of Salvioni, and applying the principle of 
Archimedes- - the change in equilibrium was found when a 
light glass bulb floated in air and in the gas studied. The 
absolute weights were derived by using Leduc’s value for the 
density of air, so that they can hardly be considered as having 
any great value; besides this, the oxygen u.sed was a commercial 
sample, carefully dried, but otherwise not purified. Giesen 
arrived at a density relative to air for the oxygen he used 
equal to 1.1051. 

In Geneva, Jaquerod and Pintza" determined the density of 
oxygen by a volumetric method, but only to test out their 
apparatus; the oxygen weighed was obtained by heating ordi¬ 
nary potassium permanganate in a vacuum. They arrived 
at the value: 

^'iV oxynen ~ 1.4292 gm. 

but believed the result to be too high. Reference will be made 
in this paper to the probable cause (see page 474). 

The following year, R. W. Gray® during his work on the 
atomic weight of nitrogen found occasion to determine the 


’ Drude’s Ann , 10, fi^o (1903J. 

* Coinptes rendus, 139, 129 (1904) 
’Jour. Chem. Soc , 87, ifioi (1905) 
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weight of oxygen gas. He used a globe of about 300 cc ca¬ 
pacity, and a barometer measuring 20 mm internal diameter, 
connected up with a mercury pump as in Rayleigh’s work. 
The gas was obtained by heating pure recrystallized potas¬ 
sium permanganate. From Gray’s results, Guye' calculated 
the weight of a normal liter of oxygen to be: 

Lk oxygen = 1.42896 gm. 

In Neuch 4 tel, Jaquerod and Tourpaian- worked along 
lines similar to those of Giesen; working with ordinary precision 
balances, they were able to apply the principle of Archimedes 
successfully to the accurate determination of gas densities. 
By their method they were led to the value; 

oxygen = 1.4290 gm. 

Guye, Kovacs and Wourtzek’ made thirty determinations 
of the density of air in Geneva, and obtained the mean value: 

Ln a,r = 1.2930 gm. 

They were led to the conclusion already signalled by Morley'* 
that the density of air depends on the place, the altitude, 
and the barometric changes: a rising barometer being ac¬ 
companied by descending currents of air bringing supplies 
from the upper strata of the atmosphere less rich in oxygen, 
and tending to decrease the density of the air; a falling barom¬ 
eter would have the opposite effect. 

Table I contains all the more important values attributed 
to the normal liter of oxygen and air; of these, the values 
found before Rayleigh’s time have little more than historical 
interest. 

The value generally admitted today for the density of 
oxygen is: 

orygen ” 1.4290 gm. 

The little differences found in its density can probably be 
traced to slight impurities in the gas; the work which forms 
the basis of this paper was undertaken in the hope of adding 

' Jour, chim phys , 5, 203 (1907)- 

* Arch. Sci. phys. nat, (4) 31, 20 U 9 i 0 - 

» Comptes rendus, I 54 » 1584 (1912); Jour. chim. phys, 10, 332 (1Q12). 

* Am Jour. Sci.. 22, 417 (1881) 
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something to our knowledge of this point, and to determine 
the density of oxygen purified by the best methods at our 
command. 

Table I 


Author 

Ln oxygen 

Gm 

; Ln air 

Gm 

1 

jsp. gr oxygen 

! 

Biot and Arago 

I 43353 

1 

! 1-299075 

, I.1035 

Berzelius and Dulong 

— 

, 

I.1026 

Dumas and Boussingault 

— 

i _ 

: I *1057 

Regnault 

1 42933 

I 29276 

! I•10564 

von Jolly 

I 42892 

j I 293085 

1 I 10505 

Rayleigh 

I.42904 

, 1.29284 

I.10530 

Morley 

J. Thomsen 

1.42900 

1 — 


1.42906 

j — 

^ — 

Leduc 

1.42876 

1.29273 

I.10523 

Jaquerod and Pintza 

I.4292 

— 

i 

Gray 

I.42896 

— 

— 

Jaquerod and Tourpaian 

1.4290 

— 

! — 

Guye, Kovacs and Wourtzel 

— 

I . 2930 

1 

As to the density of air, 

it can no 

longer be doubted that 


slight variations in the composition of air do occur, and that 
its density must, therefore, not be constant; this question forms 
the topic of an excellent review recently published by O. F. 
Tower.* Two scries of determinations of the density of air 
in Geneva were carried out by the author after the completion 
of the researches recorded in this paper, using the same 
precautions as those outlined. The results fully confirm the 
conclusions of von Jolly, Leduc, Morley, and Guye. The 
first series, three measurements, made during a period of rising 
barometric pressure, gave for dry, carbon dioxide free air, 
l-N air = 1.2927 gm. 

corresponding to a deficit of oxygen, if the average weight of 
the normal liter of air in Geneva be taken as 1.2930 gm, the 
average value found by Guye, Kovacs and Wourtzel. I'he 
second series, four measurements, made during a period of 
falling barometric pressure, gave: 

_ air — 1.2932 gm. 

‘Western Reserve linivensity Bulletin, 15, 158 (1912); Jour. chim. 
phys., II, 249 (191,1). 
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corresponding to a deficit of nitrogen (see discussion on 
page 447).' 

The work recorded in this paper was carried out in the 
laboratory of theoretical and technical chemistry of the 
University of Geneva, under the direction of Professor Ph. 
A. Guye, whose interest in the progress of the work I take 
pleasure in acknowledging here, and to whom, as well as to 
Dr. G. Baume, I wish to express my thanks for friendly advice. 

Method 

I'he choice of a method to be used is largely an arbitrary 
one, for each method in use has its own peculiar advantages. 
The globe method, modified as it has been in Geneva, is, how¬ 
ever, relatively more rapid than the volumeter method, since 
a single determination furnishes several values; and, as the 
value of an average depends in large measure on the total 
number of values obtained, it was decided to adopt this method. 

The most important modification which the method of 
Regnault had undergone in Geneva was the simultaneous use 
of vSeveral globes of various sizes, requiring a greater number 
of weighings, but in all other points requiring no extra time 
or labor. By this scheme several important sources of error 
are controlled and practically eliminated; it may be well to 
refer to the most important of these. 

Accidental errors of calibration are rendered impossible 
if they be large, or unimportant if small. That large errors 
due to calibration are impossible was shown in a striking manner 
in the course of this work: a large globe used in the measure¬ 
ments had been calibrated by O. Scheuer, and subsequently 
used by J. Kovacs in the course of his work on the density of 
air;- at its completion, the constants of the globe (volume and 
contraction) were transcribed on a tag, and the whole stored 
away. An oversight, however, caused an error of 2 cc to be 
made in the volume. Consequently, this globe gave results 


1 See Germann: Jour. chim. phys , 12, 103 (1914), for the details of these 
measurements. 

2 Jules Kovacs: “Thdse de Doctorat,” Geneva (1912). 
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which differed by nearly a quarter of a percent from the re¬ 
sults found with the other globes used in the work. A re¬ 
calibration showed that the volume was 872.33 cc, while the 
original notes of Mr. Kovacs showed that Mr. Scheuer had 
found 872.35 cc, a most remarkable agreement. 

Errors due to condensation of the gas on the walls of 
the globes: since this error is a function of the surface ex¬ 
posed to the gas, it depends on the volume of the globe, but 
is not directly proportional to it; for small differences in volume 


it can be shown that 


ds 

dv 



where 5 is the surface exposed to the gas, and v is the volume 
of the globe; and for the differences occurring in the globes 
used in this work, the numerical difference in surface exposed 
was approximately equal to one-third the numerical differ¬ 
ence in volume. By the use of globes differing materially 
in size, then, this source of error is reduced to a minimum, 
and any gross errors arising from it could be detected. As 
the cause of condensation is probably to be traced to the action 
of moisture in the pores of the glass, the error must diminish 
in proportion as this moisture is removed, and the results 
obtained with different sized globes must theoretically 
approach the same value. 

Errors arising from the adherence to the globe of ex¬ 
traneous matter, such as moisture, minute particles of dust 
or slight deposits of chemicals readily formed in the atmos¬ 
phere of a chemical laboratory, or to the introduction into the 
interior of the globe of dust particles or other finely divided 
material, are reduced to a minimum and made unimportant. 

Small errors in the weights used are eliminated. An 
example will illustrate this. A set of platinum plated analytical 
weights made and adjusted by Scholl of Geneva, kindly loaned 
by G. Baume, was used in this work. The weights from one 
gram down were calibrated carefully, using the method de¬ 
scribed by Kohlrausch; individual weights showed errors as 
high as one-tenth milligram. In order to test the necessity 
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of such accurate calibration, the final calculations of density 
were made in two ways: (a) Assuming the weights to be 
correct; and (b) applying the corrections found. The differ¬ 
ences found by applying the two methods varied from zero 
to 1/3000; after taking the averages, however, of each series 
of four globes, these differences fell to from i 20000 to i 30000, 
or within the limit of error of the weighings. 

A second no less important modification was the method 
of purification of the gas -its liquefaction and fractional dis¬ 
tillation at reduced pressures. This is the only satisfactory 
way of preparing a perfectly pure sample of any gas, for by 
any other method traces of air are certain to remain; traces 
which may be negligible, but as to whose presence and quantity 
there is no indication; hence the necessity of using a method 
of purification that will eliminate all traces of air, as well as 
traces of any other impurity. Gases more volatile than the 
gas to be purified are gotten rid of in the first fractions, which 
are discarded; the less volatile products remain in the end por¬ 
tion, and are likewise rejected. Only those gases whose vapor 
pressure curves are approximately the same as that of the gas 
to be purified, or which form constant boiling mixtures with 
it, cannot be eliminated. Usually it is possible to purify from 
such gases by a chemical process, and this should in all cases 
precede the physical purification. 

An innovation introduced into the method in this work 
is the simultaneous use of four barometers of different di¬ 
ameters, all set up in an air bath. The advantages of such 
a method can readily be seen; for by the use of a series of globes 
certain important errors have been minimized or eliminated, 
but the error due to any uncertainty in the pressure has not 
been affected, so that one of our greatest sources of error, and 
one that has troubled all experimenters working on the density 
of gases, remained uncontrolled. As long as this great 
source of error remained, the accuracy of the other operations 
was a useless precaution. By increasing, then, the number 
of barometers correspondingly to the number of globes, we 
can proportionately decrease the error due to a barometer 
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reading, and make this operation approach in its accuracy 
the operations already enumerated. 

Description of the Apparatus 

Experience has shown that an apparatus constructed en¬ 
tirely of glass can be much more relied upon to hold a vacuum 
than one whose parts are joined together by rubber or lead; 
and yet the experimenter must be on his guard, for even ap¬ 
parently sound glass tubing may allow air to filter slowly 
through it. This is due to fine capillary openings running 
the length of the tube, which, after fusion to the apparatus, 
may have one end opening oa the interior, the other on the 
exterior, offering an easy passage to gases. Such imperfec¬ 
tions are detected most easily by moistening the .seals suspected 
of leaking with some highly colored liquid, taking care to have 
the apparatus evacuated. After some time the liquid wdll 
have filtered through the defective seal, coloring the glass 
on the interior. 

The apparatus used here was constructed entirely of glass; 
only in one place were rubber connections used, namely to 
attach the density globes. But even here the use of rubber 
is dangerous, more dangerous, perhaps, than it would be 
in any other part of the apparatus; for no matter how careful 
one may be, there is always the chance of introducing foreign 
material into the globes when attaching them to the rubber 
connections. A large majority of the discrepancies in the 
results are probably to be explained in this way. It would 
seem highly desirable to replace the rubber connections used 
here by glass; the flat glass joints used by Wourtzel in the de¬ 
termination of the density of nitrosyl chloride' meet all the 
requirements, and the author is preparing to run a series of 
gaseous determinations with their aid. The use of the flat 
glass joints involves a little more risk of breaking the apparatus 
during a measurement, it is true, but the increased accuracy 
will more than compensate for the added pains and trouble of 
manipulation. 


* Jour. chim. phys., ii, 2g (1913). 
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The stopcocks, of which there were about thirty-five 
on the apparatus in its perfected form, were all of the capillary 
variety; they were the best obtainable: a small size, furnished 
by Muller of Liverpool, and a larger size, slightly inclined 
on the tube, made by Geissler of Bonn. In the preliminary 
work they were lubricated with the rubber grease recommended 
by I'ravers,^ but it was found that this grease slowly absorbed 
oxygen, particularly near the capillary opening, where it came 
ill contact with the pure gas; that this absorption gave rise 
to a change in the properties of the grease; and that in a short 
lime the air found an opening around the glass stopper to the 
interior of the globe, so that a vacuum could no longer be main¬ 
tained. The first and simplest remedy that suggested itself 
was to modify the grease so that it could no longer absorb 
oxygen. vSince the base of the grease, rubber, is an unsaturated 
compound capable of forming an addition product with an 
element such as oxygen; this was tried, and proved successful. 
A current of oxygen was passed into the grease at a tempera¬ 
ture of about 150'' C until no more was absorbed. I'he 
grease, which was much more \iscous than it had been, re¬ 
tained its desirable properties, and proved to be a perfect 
lubricating material for stopcocks required to hold a vacuum 
indefinitely in contact with oxygen. In fact, the stopcocks 
of two of the globes used were greased with it, and required 
no attention throughout the duration of the measurements, 
and at the end of five months were still in perfect condition; 
the unmodified grease, on the other hand, had to be changed 
every two weeks. The stopcocks of the other two globes 
were greased with the chlorinated grease used by Wourtzel 
in his work on nitrosyl chloride;- this grease has as its base 
stearine and paraffine, and is saturated with chlorine at an 
elevated temperature; it gave even better satisfaction than 
the oxygenated grease, for it was less viscous, and the stopper 
turned more easily in its socket. 

As has been mentioned, a new feature of the method em- 

' Travers: Experimental Study of Gases (1901). 

* Jour. chim. phys.. n, 29 (19*3)- 
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ployed was the use of a number of barometers equal to the 
number of globes employed. The barometers were of two 
types; the first, I and II in Fig. i, were of the model cur¬ 
rently used in the Geneva laboratory; the second, III and IV 
in the figure, a special type recently described by the author.' 
The chief point of difference between the two types was in 
the method of making and maintaining the vacuum. As 
shown in the figure, barometers I and II were connected up 
•with a mercury pump, by means of which the vacuum was made 
and controlled; III and IV have their vacuum chambers 
{A,A) connected to the capillary overflow tubes (b,h) and reser¬ 
voir tubes {N,N), arranged exactly as the similar tubes in the 
mercury pump shown at Z in Fig. i, making of them a 
kind of mercury pump. For an accurate description of the 
barometer, the reader must be referred to one of the references 
cited. 

The cleaning of the barometers, always a difficult but 
highly important operation, was accomplished as follows; 
They were filled with a strong solution of bichromic acid and 
allowed to stand over night; they were then filled with strong 
nitric acid containing a few drops of alcohol, and allowed to 
stand for several hours; they were washed with distilled water 
free from grease, and finally rinsed with freshly distilled alcohol. 
After the barometers were placed in position, dry air was passed 
through them for a week to remove all adsorbed moisture; 
they were then allowed to stand evacuated for several days, 
and were filled without heating. 

For use in the barometer, mercury was specially purified. 
Ordinary impure mercury was agitated, by bubbling air through 
it, for a number of hours with lo percent nitric acid; as an 
extra precaution it was also passed through a mercury tower 
containing the same reagent. It was then distilled in a specially 
constructed still, composed entirely of glass. Two ordinary 
distilling flasks, whose side tubes were fused to either end 
of a long condensing tube, served as distilling and receiving 
flask. The distilling flask had fused into its neck a tube 

’ Jour. Am. Chem. Soc , 36, 2456 (1914); Jouf. chim. phys., 12, 78 (1914). 
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extending to the bottom of the flask and terminating above 
in a Y, one branch of which was drawn out to a fine capillary 
tube, to admit a slow current of air during distillation; the 
other carried a stopcock and a thistle tube, through which 
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mercury was introduced into the flask. The lower or re¬ 
ceiving flask had a stopcock sealed in the bottom, to permit 
of drawing the distilled mercury off without tearing down the 
apparatus; the neck was drawn out and sealed to drying tubes 
communicating with the water pump and with a mercury 
manometer; two stopcocks, properly arranged, permitted 
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of interrupting the suction of the water pump and admitting 
air to the apparatus. The distillation was carried on at about 
fifteen millimeters pressure; the small amount of air entering 
the distilling flask and bubbling through the mercury served 
the double purpose of preventing bumping and of oxidizing 
any easily oxidizable metals present; at the temperature 
of the distillation the mercury was not oxidized. The method 
of operating the still will be evident from the description. 

The barometers were mounted on wooden supports placed 
side by side, and these supports were used as the basis of an 
air bath constructed about the barometers, as shown in 
detail in Fig. i, designed to prevent the rapid changes of 
temperature caused by an open door or window. The plate 
glass front was composed of four sections: gi and ga were sta¬ 
tionary, the others, gs and g4, movable so as to admit of access 
to the stopcocks on the interior of the case. In order to fur¬ 
ther guard the barometers from the temperature changes caused 
by the proximity of the ice baths about the globes during the 
operation of filling, two heavy sheets of asbestos board were 
interposed between the barometer case and the globes. Over 
an opening 5 cm wide and the full length of each barometer 
left in the wooden support behind each instrument was placed 
an accurately graduated plate glass .scale. These scales 
were graduated on paraffine and etched with hydrofluoric 
acid by the “Societe Genevoise pour la Construction dcs 
Instruments de Physique.” The scales were divided in milli¬ 
meters, and could be read to tenths of a millimeter by the 
unaided eye; by the aid of a telescope the twentieth of a milli¬ 
meter could be read without difficulty. The internal diameter 
of barometer I was 25 mm; that of II was 13.5 mm; III and IV 
were 15 mm. Each barometer was accompanied by four 
carefully calibrated tliermometers, one near the upper mercury 
surface, one near the center, and two at the bottom; of the 
last two, one was on each side, to determine any difference 
in temperature in the two branches. The thermometers were 
of the ordinary type, with milk glass scale, graduated in de¬ 
grees from - -25 ° to -t-11o°. The corrections for each thermom- 
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eter were determined at the temperature of melting ice and 
at the transition point of sodium sulphate decahydrate; 
thermometers showing abnormal readings were discarded. 

Barometer readings were made with the aid of a small 
cathetometer. To facilitate the readings, an electric light 
immersed in a bath of water was arranged on a pulley behind 
the barometer case, and could be brought into any position 
desired; the blinding effect of the light was overcome by inter¬ 
posing behind the glass scales a sheet of thin white tissue paper. 
Both top and bottom of each meniscus were always read. 

The corrected barometric reading, P,., was obtained by 
substituting in the formula; 

p„ = rj 

where (j,, is the ratio of the normal acceleration due to gravity 
to the acceleration at the place of measurement; P' is the ob¬ 
served barometric reading; c is a constant equal to 6.6; Rs 
and P, are the radii of curvature of the upper and lower 
menisen, respectively; r is the correction for the thermal ex¬ 
pansion of the mercury and glass scale. 

The residual pressures in the globes were measured with 
the modified MacLeod vacuometer described by G. Baume.- 
The instrument was set up in the barometer case between 
barometers 1 and II, Its readings were verified by comparison 
with the barometers. 

The devices used to obtain a vacuum were the water 
suction pump» the mercury pump, the rotary oil pump, and 
the absorption of gases by amorphous carbon at low tempera¬ 
tures. The mercury pumps, two in number (Z, Fig. i), 
were of the type described by Cardoso and the author.^ One 
of them was reserved for use with barometers I and II, while 
the other served to evacuate the various parts of the apparatus. 

^ For the derivation and discussion of the formula sec the author, Join- 
Am. Chem. Soc., 36, 2456 (1914); this article also contains a table, giving tlie 
results obtained with the four barometers in two series of readings. 

2 Jour. chim. phys., 6, 26 (1908). 

® Ibid., 10, 306 (IQ12). 
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Evacuation with the mercury pump was always preceded by 
evacuation with the water suction pump; a vacuum of less 
than one-tenth millimeter was then attained in a short time. 
The suction pump was of a simple t3T}e, easily blown in the 
laboratory. 

To evacuate large volumes completely, the mercury pump 
proved to be too tedious; for this purpose the absorbent proper¬ 
ties of amorphous carbon at low temperatures were utilized. 
As is well known, certain forms of amorphous carbon have 
the property of absorbing large volumes of gas; this property 
becomes more accentuated as the temperature is lowered, 
while at high temperatures it ceases to exist. Then it is evi¬ 
dent that to prepare a sample of amorphous carbon for this 
purpose, it must be carefully heated so as to expel all dissolved 
gases; this also serves to drive out moisture and other volatile 
impurities, all of which would impair the absorbing qualities 
of the material. For this work, cocoanut charcoal, as recom¬ 
mended by Dewar,^ was used; later investigation^ indicates 
that animal charcoal is superior. It was enclosed in a tube, 
T (Fig. 4), provided with a stopcock, at its open end, and 
sealed to the apparatus in close proximity to the volumes to 
be evacuated. Plunged into a bath of solid carbon dioxide 
and alcohol, or into liquid air, it was ready for use, and reduced 
the last fifteen millimeters of pressure due to oxygen in a volume 
of two liters to one two-hundredth of a millimeter in fifteen 
minutes when liquid air was used as the cooling agent. The 
charcoal required frequent burning out to drive off the ab¬ 
sorbed gases. 

The rotary oil pump was connected as an auxiliary to the 
mercury pump, but as the latter never failed to give good re¬ 
sults the oil pump was rarely used. It was of Siemens- 
vSchuckert manufacture, and easily gave a vacuum of i/io mm. 

The globes in which the gas was weighed were originally 

’ Dewar- Comptc.s rendus, 139, 261 ^1904); Chem. News, 90, 73 (1904), 
Ann. chim. phys , (8) 3, 5 Prw Roy Soc., 74, 122 (1905); sec also 

Bacrwald: Drude’s Ann , 23, 84 (1907). 

2 Hempel and Vater. Zeit. Electrochemie, 18, 724 (1912). 
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ordinary round-bottomed flasks; they were drawn out at the 
neck and glass stopcocks sealed on. Two flasks were selected 
of the same glass and as nearly as possible of the same volume, 
and the smaller of them prepared as a counterpoise. The 
weight of the counterpoise was adjusted by introducing a 
little water so as to be a trifle heavier than the density globe; 
the volume was likewise adjusted to within a few cubic centi¬ 
meters by blowing a bulb on the neck, and was then sealed 
off. 

The method of calibrating a density globe is quite simple, 
and yet there are certain points that must not be neglected 
if con.sistently good re.sults are to be obtained. Fig. 2, 



Fig. 2 


in which the globes are sadly out of proportion, shows the 
form of apparatus used. .4 is the globe whose volume is 
to be ascertained, B is a stout round-bottomed fla.sk of Jena 
glass. The flask B was filled with distilled water, and the 
water allowed to boil for an hour to expel all air, stopcock 
a remaining open, and b closed; a was then closed, and the 
water allowed to cool off. Meanwhile the globe .4 was evacu¬ 
ated by means of the water pump, through stopcock c. After 
B had cooled somewhat, c was closed, and a little water was 
allowed to flow into A through stopcock b. Suction was again 
applied until a sufficient quantity of water had boiled away 
to sweep out all the air. Then b and a were opened and ,4 
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was allowed to fill completely. Any dissolved gas remaining 
was boiled out by again lowering the pressure with the water 
pump. When properly done, no air bubbles remained in the 
tube connecting the two globes. A was surrounded with clean, 
finely cracked ice, and left until temperature equilibrium was 
attained, keeping the water siphoned off. The connecting 
tubes were removed from globe A, its stopcock closed, and 
the capillary above it dried with a bit of filter paper. The 
stopcock was again opened, and if, after half an hour, no move¬ 
ment of the meniscus was observed, equilibrium was assumed 
to have been attained, and the globe was remov'ed to the 
weighing room, after wiping it carefully. A short glass tube 
drawn out to a capillary was attached to the stem of the 
globe to pro\'idc for the expansion of the water; the globe itself 
was suspended from the balance arm by means of an impro\dsed 
basket made of nickel wire. The next morning weighings 
were made to one centigram, using counterpoises. Finally 
the globes were emptied, evacuated, and weighed again. 
The difference was the weight of water contained at the temper¬ 
ature of melting ice. 

I'o find the volume at 0° C the following corrections had 
to be applied: 

1 ° Correction for the buoyancy of the air on the weights 
used. The average weight of a cubic centimeter of air in 

Geneva is 0.00117 gm, then the correction amounted to 
H-' 

X 0.001 ly, where VV is the weight of water, and 8.5 is 

the density of brass; the correction is negative. 

2° Correction for the volume of water at zero; if the den¬ 
sity of water at zero is taken as 0.999868, the correction is 
W X o.QQfj86tS, and is positive. 

Correction for latitude and altitude; in Geneva this is 
equal to -i-W X 0.000016.^ 

The algebraic sum, i:, of these corrections becomes: 
- = o.oooooy 11 + 0.0001^2 IT— IP _ 0_0Q0(jjQ IP 

^ See page 472 foi a discussion of this factor. 
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or ten parts per million; under the conditions outlined, there¬ 
fore, the weight of the water at zero gives directly the volume 
at the same temperature. 

In the following table are set down the volumes found 
for the four globes used, which may be numbered, beginning 
with the smallest, I, II. Ill, IV; the values giv^n are the 
averages of at least two calibrations; for purposes of comparison 
the values found by previous experimenters are also given. 


Table II 


I 

2^2 

004 cc (Hermann 

252 04 cc Wourtzel 

II 

410 

2 7 cc Germann 

410 35 cc Wourtzel 

III 

455 

72 cc (icrmann 


IV 

K72 

33 cc Cjcrmann 

872.35 cc Scheuer 


An important source of systematic error that was neglected 
until Rayleigh called attention to it in 1S88' is the contrac¬ 
tion of the globe when it is evacuated, causing it to displace 
less air than before, and hence apparently to weigh more. 
To correct this error it is only necessary to know the amount 
of the contraction. Its determination w^as a simple matter, 
using the apparatus outlined in Figure 3. The globe \vas 
enclosed in a stout metal can, supplied with a lid that could 
be clamped on tightly; the lid had an inch hole, provided with 
a two-holed rubber stopper ; through one of the holes the stem 
of the globe protruded (a), and through the other a calibrated 
capillary tube (6), The can w^as filled with water, and the 
lid clamped on, so that the w^ater stood at some point 
in the capillary; the globe was evacuated, and the level of the 
water in the capillary tube noted; then air was allow^ed to fill 
the globe rapidly, and the level of the w^ater again noted. The 
volume of the capillary between the two points noted w^as 
the amount of contraction of the globe. The average of several 
determinations was taken as the final value. The results 
are included in Table III. 


Proc. Koy, vSck' , 43, 361-2 (1888), Cheni. News, 57, 74 (1888). 
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Table III 


Globe j 

VoluJne 

Cc 

Approximate 

weight 

1 G™ 1 

1 Contraction 
i Cc 

1 

1 

1 

( 

■ 

I 

252.004 

4.5 : 

0.002 

1 

1 Germann 

II 

410.27 

67 

0.017 

Wourtzel 

III 

455 •72 

II8 j 

0.0001 

Germann 

IV 1 

1 872.33 

194 ! 

0.0051 

vSeheuer 


Each globe and counterpoise was supplied with a nickel 
wire hook fastened about the stem, to facilitate suspension 
in the weighing case, and in the balance case. 



Fig- 3 

The balance used in calibrating the globes was of a type 
used in technical work for weighing heavier objects; it weighed 
accurately to less than one centigram. For the other weigh¬ 
ing—^for the actual determination of the weight of the gases— 
an ordinary Sartorius chemical balance was employed. To 
increase the accuracy, the pans were removed, and light 
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aluminium trays were suspended close under the knife edges 
by means of fine platinum wire; these trays were designed 
to receive the weights, and left the lower part of the balance 
case free to receive the globes and their counterpoises. The 
center of gravity was lowered enough to make the time of 
swing quite long, in order to facilitate the reading of the swings. 
The balance case itself was surrounded by a much larger glass 
case with doors opening from the front. Across the top of 
this outer case was stretched a nickel wire, from which the 
globes with their counterpoises were hung preparatory to 
weighing. It was found that this method of disposing of so 
many articles during the necessarily long process of weighing 
was much preferable to the method usually used, namely, 
placing them on a clean, smooth surface at the bottom of 
the case. 

The weights were those used by G. Baume in his work 
on the gases,’ they were ordinary, platinum plated analytical 
weights, constructed by vScholl of Geneva; they were carefully 
calibrated by the manufacturers and by the author, as has 
already been mentioned.- 

For the preparation and ])urillcati()ii of the oxygen used 
special forms of apparatus were emj)loyed. The generator 
was composed of a set of heavy glass tubes, (j (Fig. 4). com¬ 
municating with one another, and filled with the purest potas 
sium permanganate obtainable (Kahlbaum); the perman¬ 
ganate was covered with a heavy layer of glass wool to retain 
any dust arising from the decomposition of the permanganate. 
There followed a series of tubes containing the reagents de 
signed to effect the chemical ])urification of the gas; these 
comprised a tube containing solid potassium hydroxide in 
tablet form to remove traces of carbon dioxide; two tubes 
containing phosphorous pentoxide, to remove moisture; and 
a system of modified Liebig bulbs, Lu containing mercury, 
to break up any ozone that formed at the temperature of de¬ 
composition of the permanganate; a shunt tube with stopcock 

> Jour, chim. phys., 6, i (i9o«S). 

' See page 
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Rx made it possible to evacuate the generating and purifica¬ 
tion tubes completely in spite of the centimeter or more of 
mercury in the bulbs. 

From this point the gas passed into the apparatus de¬ 
signed for its purification by physical methods. Through 
stopcock Hi the gas entered directly into the liquefaction 
and distilling apparatus, composed of two liquefaction bulbs, 
.l;»i and Amo, separated by a stopcock, Rs, and each supplied 
with a manometer, R, and with vacuum connections through 
the stopcocks R., and R»] stopcocks R4, Rt, and Ra governed 
communication with the mercury pump, the oil pump, and 
the water pump, respectively, and any one of these could be 
turned on by opening the corresponding cock and lea\ing the 
others closed. From the liquefaction tube Ami the gas could 
pass through stopcock Rm, through the mercury bulb L-.., 
which served the double purpose of indicating the speed of 
flow of the gas, and of decomposing any trace of ozone, through 
stopcock Ru into the globes; or else the gas could pass through 
stopcock Ry.\ into a system of tubes R containing platinized 
asbestos, and thence via stopcock Ru to the mercury bulb 
J.O and so on as before. Vacuum connections to these tubes 
were supplied by means of stopcocks A'u, Ri:, and R\t. The 
platinized asbestos tubes were four in number, and were en¬ 
closed in an electric resistance furnace, made b>- winding a 
suitable iron tube, covered with a layer of asbestos paper, 
with nickel wire, and covering the whole hea\dly with a.sbestos. 
The temperature was controlled by means of a rheostat, and 
the intensity read on a high temperature thermometer, Th. 

Manipulation 

Before beginning a measurement, the globes were 
placed in position, and the apparatus was evacuated. (Oxygen 
was then generated by heating one of the permanganate lubes, 
until the entire apparatus contained several centimeters of 
oxygen, as indicated on the manometer tubes; this was pumped 
out, and the process repeated several times. The apparatus 
was allowed to stand overnight with a pressure amounting 
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to no more than one millimeter of mercury, and the same pro¬ 
cess continued the next day; any leaks in the apparatus would 
have made themselves apparent in the interval, and have 
been corrected. During the evacuation, all parts of the ap¬ 
paratus that could be heated without damage were heated 
with the bare Bunsen flame to drive out moisture. After 
several days of such treatment, it was considered that all 
air and moisture had been removed. The residual pressure, 
by means of the vacuometer, and the temperature were 
noted; the stopcocks of the globes and Kn were then closed, 
and the the globes removed. The globes and counterpoises 
were washed with distilled water and wiped with a piece of 
good quality white silk, which has the advantage of leaving 
no lint. The globes and counterpoises were suspended in 
the outer balance case, and weighed the next morning. 

As the great sensibility of the modified balance made it 
imperative to load the trays to get consistent zero readings, 
the twenty gram piece was placed in one tray, and the two 
tens in the other, the screw was adjusted so as to bring the 
point of equilibrium near the center of the scale, and the ex¬ 
act zero determined by the method of swings, with the rider 
on the beam, after allowing the beam to swing for five minutes. 

The globes were protected from the hands by double- 
tipped silk gloves. The counterpoise, it will be remembered, 
was so adjusted as to be a trifle heavier than tire correspond¬ 
ing globe; when this was not the case, a constant weight was 
placed in the tray on the side of the counterpoise -the left 
side of the balance was chosen for this - large enough to bring 
about the desired excess of weight. Equilibrium was attained 
by adding weights to the right tray, the final adju.stment to 
the nearest milligram being made with the rider. The same 
method was used to determine the point of equilibrium as had 
been used to find the zero; however, the load was allowed to 
swing on the knife edges a greater length of time, depending 
always more or less on the weight of the load; so globe I was 
always allowed to swing ten minutes; globe II, fifteen minutes; 
globe III, twenty minutes; and globe IV, twenty-five minutes; 
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it was found that only in this way could the point of equilibrium 
be duplicated with a given load; it was also shown to be im¬ 
perative that the weighing of the lighter globes should precede 
that of the heavier ones, in other words, that the globe sequence 
should always be the same, and begin with globe I. The 
reason for this is probably to be sought in differences in the 
strain produced in the beam by the different loads; a series of 
readings, for example, begun immediately after placing globe 
IV, with its counterpoise on the knife edges, showed a gradual 
change in a given direction, at first rapidly, then slowly ap¬ 
proaching a fairly constant value. As it was found that the 
sensibility of the balance with the same load varied appre¬ 
ciably from one weighing to another, its determination was 
never omitted; this necessitated moving the ridei;; the best 
results were obtained when this was accomplished without 
rai.sing the beam. A simple calculation gave the position of 
equilibrium, and another the exact weight required to bring 
about equilibrium at the zero point found. The latter was 
taken as the average of the values found before and after 
weighing the set of four globes. Three sets of weighings were 
thus made the second on the afternoon of the same day, the 
third on the morning of the next day - and the average of the 
three weighings taken. 

This represented the weight that had to be added to the 
globe plus the small weight of oxygen it contained at a pressure 
of [y millimeters, to cause equilibrium to be established with 
the counterpoise. It was necessary to correct, then, for the 
small amount of oxygen still in the globe; if V' be the volume 
of the globe expressed in cc, p the pressure in millimeters 
read on the vacuometer, and T the absolute temperature of 
the gas when the reading was made, the amount of the correc¬ 
tion is given by the expression; 


1.4 2Q X 27 J X TXP 
woo X 7<^o X T 


VP 

0.00051 Xy j 


This correction is positive and must be added to the weight 
found. 
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The globes were then transferred to the laboratory, where 
they were placed in position, and the vacuum in each measured 
to be certain that no air had entered in the interval, care having 
been taken to evacuate and rinse with oxygen several times 
the space between the stopcocks of the globes and Rn- 

The afternoon was devoted to the preparation of pure 
oxygen, and filling the globes with it. The liquefaction bulb 
Anti was immersed in liquid air, while oxygen was generated 
in one of the permanganate tubes; all stopcocks in this portion 
of the apparatus were closed except R-^, which governs the com¬ 
munication between the permanganate tubes and the lique¬ 
faction tubes. As the gas started to generate, the level of the 
mercury in manometer P gradually fell to a height corre¬ 
sponding to the vapor pressure of oxygen at the temperature 
of liquid air, for at this point the gas began to liquefy. About 
five cubic centimeters of the liquid were collected, that is, 
five or six liters of gas, the specific gravity of the liquid at its 
boiling point being approximately 1.53. Stopcock Ri was 
then closed. The fractionation of the liquid followed, the 
operation being carried on between the tubes Ami and Ani->, 
through the stopcock R^. The first and last fractions (no 
less than 200 or 300 cc of gas in each case) were always allowed 
to escape through the manometer P, which also served the 
purpose of safety valve, its stopcock Ri, being left open. 'I'he 
middle fraction was collected in the second liquefaction tube 
with the aid of liquid air ; at least three such distillations were 
made, before the gas was considered to be pure. The purified 
liquid was perfectly limpid, of a pronounced bluish tinge. 
In the distillation of liquefied gases, a criterioti of the purity 
of the gas is given by the pressure exerted during the distilla¬ 
tion; the pressure remains constant as long as the composition 
of the distillate does not change, and the distillation proceeds 
quietly. 

Meanwhile finely cracked ice had been prepared and placed 
in the large glass vases about the globes, covering the globes 
completely up to their stopcocks. The accumulation of water 
from the melting ice was prevented by siphoning it off every 
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ten minutes or so. All vacuum connections to the globes 
were now cut off by closing stopcock Rn (Fig. 4), and oxygen 
gas was allowed to evaporate into the globes by opening stop¬ 
cock 7^10, without for the moment removing the bath of liquid 
air, so that the evaporation proceeded quite slowly; the speed 
of evaporation was indicated by the degree of agitation of the 
mercury in L2. As the speed began to diminish, the Dewar 
tube containing liquid air was slowly lowered, so as to com¬ 
pensate for the increasing pressure, and to maintain about the 
same rate of evaporation. When the pressure in the globes 
became near that of the atmosphere, communication was 
established with the barometers by opening the stopcock 
Ri:, leading to the barometer case, and the stopcocks of the 
four barometers, /<-, and R7 (Fig. 1). The manometer stop¬ 
cock R^ (Fig. 4) was then closed, to permit of the attainment 
of a pressure in the apparatus greater than the atmospheric 
pressure. The mercury in branch B (Fig. i) of the barometers 
was kept as close as possible to the glass points p, by adjusting 
the mercury bulbs J/, and when the difference in level of the 
two menisci amounted to 762 or 763 mm the supply of oxygen 
was cut off by closing stopcock Rio (Fig. 4); at the same time 
the manometer stopcock R^ was opened to relieve the pres¬ 
sure in that part of the apparatus and the bath of liquid air 
was brought up around the liquid oxygen. After a suitable 
length of time, that is, when temperature equilibrium had 
been attained, the mercury of the barometers was adjusted 
so that the glass points p (Fig, i) just touched their reflections 
in the mercury surfaces, and the stopcocks through which 
mercury was admitted to the barometers, Ri and Rn (Fig. i), 
were closed. Two series of pressure readings were made on 
the barometers, and the average of all the readings taken; 
thermometers accompanying the barometers were read as the 
pressure readings were made. The globe stopcocks were 
closed, and then those leading to the barometers, after the oxy¬ 
gen in them had been pumped out to prev’^ent the soiling of 
the mercury through oxidation. 

This ended the operation of filling. The globes were 
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removed from the ice, carefully washed, wiped dry, and placed 
in the weighing case as before, to remain overnight. Two 
weighings were made during the next day, and a third on the 
morning of the following day. The averages of these weigh¬ 
ings wei'e the weights of the globes filled with oxygen at the 
pressure P, read on the barometers. On the afternoon after 
the third weighing, the globes were again evacuated, and 
weighed exactly as already described. Now, the real value 
of the weight that would have been necessary to cause equi¬ 
librium had the globes been completely evacuated at the time 
they were weighed full of oxygen, is best expressed by the aver¬ 
age of the weights found before and after filling, if we may con¬ 
sider that any change in weight in the interval was caused 
by wiping the surface of the globes, and so wearing off or dis¬ 
solving a minute portion of the glass. Then the difference 
between the weight of the filled globe and that of the empty 
globe gave the weight of the oxygen it contained at o° C 
and H millimeters pressure. The calculation of the gross 
weight of the liter followed, by the application of the formula: 

, _ 760 vr 

^ gross — 

where 11’ is the weight of the gas found, and the uncor- 

rcctcd weight of the liter of gas. 

The corrections to be applied were four in number; 

1. Correction for the contraction of the globe during 
evacuation; since this contraction involves an apparent in¬ 
crease in the weight of the globe when it is evacuated, due 
to the smaller volume of air displaced by it, the value of the 
correction, is evidently given by the additional weight of 
air that would be displaced if the globe were not evacuated; 
this weight, on the basis of a liter, assuming the average weight 
of a cubic centimeter of air in Geneva to be 0.00117 gm, and 
expressing the amount of the contraction in cubic centimeters 
by C, is given by: 

,, woo X 0.00U7 X G C 

~ -■ , 7 --- 7.17 

vSubstituting the values for the contraction found for the globes 
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used in this formula, we obtain the following positive correc¬ 
tions : 

Table IV 

Cm 

O . CXKX>I 

o.00005 

O (XTKXX) 

O.OOCXH 


Globe I 
Globe II 
Globe III 
Globe IV 


2, Correction for the buoyancy of the air on the weights; 
since only those weights come into consideration that are used 
to replace the oxygen when the globes are weighed empty, the 
gross weights employed may be neglected, and the calculation 
made on the basis of a liter, 1.429 g. The weight of air dis¬ 
placed, A^., using as the density of brass 8 5, and assuming 
that all the weights were made of brass, ^ since in the calibra¬ 
tion of the weights a brass kilogram was used as standard, 
is given by: 


A, 


J .420 X 
A'. 5 


o.(xx>2() gm 


a negative correction. 

3. Correction for the altitude, or reduction to sea le\el 
and 45'^ N latitude. The correction factor for the altitude 
is expressed with sufficient approximation by the formula: 


where h is the altitude above sea level, and R the average radius 
of the earth; the factor for the latitude is giv'^en by: 

/ 

/ — h cos 2 (t> 


where <t> is the latitude of the point of observation, and 5 a 
constant whose value is given by Lasch- as 0.0025935. Com¬ 
bining these two factors, we have the total correction factor (f,: 

. 2 h 

c - « 

Oo - r. , 

I — b COS 2<t> 


^ See Gray and Burt- Jour. Cheiii Soc., 95, 16,^6 (iq<^) 9). 
* Pogg. Ann. Krgaiizungsband, 3, 321 (1853). 
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Taking R = 6367382 meters, the mean of the values given for 
a and b of Clark’s ellipsoidc, and assuming that at the Ecole 
de Chimie in Geneva, h = 400 meters, and <t> = 46° 12', 


we have: 


C, = 


800 

^ 63673^ 

+ 0.0025935 sin 2° 24' 


1.000016 


Then the correction to be applied to the weight of the liter of 
gas becomes: 

G = Lgross (l.000016 l) 


therefore, an additive correction. For oxygen G becomes 
0.000023. This value coincides exactly with that found ex¬ 
perimentally at the observatory in Geneva, which is only a 
short distance from the laboratory. The ratio of the normal 
acceleration due to gravity, g„ (at sea level and 45° N lat.), 
to the acceleration due to gravity at the place of measure¬ 
ment, g„, becomes, for Geneva:' 


£1 = 980-616 
980.600 


1.000016 


4. Correction for the compressibility of the oxygen. This 
correction was very small, because the pressures at which the 
globes were closed before weighing were always as nearly as 
possible equal to 760 mm. The correction A, letting A'o 
represent the coefficient of compressibility of the gas, and Pg 
the average pressure in the globes, is given by: 


.4 


LA'o 

jbo 


{760-Po) 


The value of A'„ for oxygen, determined by Jaquerod and 
Scheuer,® is 0.00097. 


* Compare the derivation of this value by the author, Jour. Am. Chem. 
Soc, 36, 2461 (1914). The Recueil do Constantes Physiques, published by the 
Society frant'aise de Physique (1913), gives gm (Geneva) = 5)80.599; this value is 
the result of observations made in 1892; the publications of the Swiss Geodetic 
Commission, Vol. 7 (1897), indicate that more recent measurements, made in 
1894, bring the value of for Geneva to 980.600. 

* Mimoires de la Societe de Physique de Geneve, 35, 659 (1908). 
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Applying these corrections to the gross weight of the liter 
of gas, we have the expression: 

Ln = Tgrosi + t f — 7\% + 6 + A 

In practice the correction for the contraction of the globes 
during evacuation, was applied to the individual results, 
since the correction varied from globe to globe; the other 
corrections were applied to the averages obtained. 

Results 

The results obtained for the density of oxygen purified 
by fractional distillation as described are tabulated in Table 
V. The first measurement unfortunately included but three 
globes, as globe I was inadvertently taken from the ice after 
filling, before the stopcock had been closed. The barometric 
readings giv^en in the third column are the corrected averages 
for barometers I, II and IV, barometer III having suffered 
an accident. .The gross weight noted in the fourth column 
is the weight of the oxygen contained in the globe at the time 
of measurement, corrected for the inaccuracies of the weights. 
The value of the gross liter is that obtained by the simple 
application of Boyle’s law, while the next column tabulates 
the weight of the liter corrected for the contraction of the globe 
(see Table IV). 

Table V 


Measure-, 
ment 

Globe : 

Corrected 

barometer 

Mm 

Gross weight 

G 

c; 

-f ( 
G 

I 

IV ' 

738.06 

I•24345 

1 42908 

1 42909 

1 : 

III 

758', 06 

0 64968 

1.42926 

1 42926 

I i 

II . 

758.06 

0.58501 , 

1.42956 

1.42961 

11 

IV i 

762.94 

1.25156 

I.42920 

1.42921 

II 

III ; 

762.94 

0.65400 

1.42956 

1.42956 

II 

11 ! 

762.94 

0.58877 : 

I 42955 

1.42960 

11 

I i 

762 94 

0 36157 

1.42925 

1.42926 

III 

IV 1 

763.16 

, 1.25171 1 

I.42896 

1.42897 

III 

III 

763.16 

, 0.65409 ; 

I 42935 

1-42935 

III 

11 1 

763 16 

0.58876 

I.42911 

I.42916 

III 

I 

763.16 

0.36150 i 

1.42856 

1 42857 
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The average of the eleven values is + Cc = 1.42924 
gm. The formula for the correction for compressibility gives 
a value for A = 0.0000002, which is a negligible quantity. 
Then the weight of the normal liter becomes, using the values 
already found for and G: 

Ls = 5 + ( V) -- Rv + G = 1.42906 gm. 

This value, agreeing so closely with the generally accepted 
value, 1.4290 g, differs by 1/10000 from the value found 
some years ago in the same laboratory by another method, 
that of the volumeter, by Jaquerod and Pintza (see page 446). 
However, the sources of the gas used in the two researches 
were identical; the methods of purification were different; 
the gas used by Jaquerod and Pintza was not subjected to 
liquefaction and fractional distillation. In order to determine, 
if possible, the value of this species of purification, and at 
the same time to determine the possible cause of the higher 
value found by the authors cited, two determinations of the 
density of oxygen were carried out on the unliqucfied and un¬ 
distilled gas. The results are set down in Table VI. The 
pressures given are those read from barometers I and II, 
III and IV both having been out of commission. 

Tahce VI 


Measure¬ 

ment 

Globe 

Corrected 

barometer 

Mm 

Gross weight 

G 

Lfiross 

G 

Laross 4 ” ( 

G 

IV 

IV 

7^*1 5 ,t 

I 24910 

I 42904 

1 42905 

IV 

III 

761 S.t 

0 65296 

* 42993 

I.42993 

IV 

II 

7 ^>i 53 

« 58755 

I 42923 

I .42928 

IV 

1 

761 53 

0.36096 

J 42948 

1 42949 

V 

IV 

762 92 

1-25157 

I 42925 

I 42926 

V 

III 

762 92 

0 65395 

J 42949 

1.42949 

V 

11 

762.92 

0 58849 

I 42891 

I .42896 

V 

I 

762.92 

0.36174 

1 42996 

1.42997 


The average of the eight values is = 1.42943 gm. 

= 0.000004, therefore, negligible. Then 

Lk — (Lgrosi + C’c) — Rr + G = J. 42925 gm. 
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thus completely corroborating the results found by Jaquerod 
and Pintza, with oxygen prepared in the same way.^ 

G. Owen-^ has called attention to the formation in air of 
complex molecules at low temperatures. The same would, 
in all probability, also happen with oxygen, and such molecules 
might be capable of persisting for some time at ordinary tem¬ 
peratures, a very small percent of them sufficing to throw 
the results of a density determination away off. One set of 
determinations was, therefore, planned to .show whether the 
results had been affected by this source of error. To break 
up any polymerized molecules, the oxygen was passed from the 
liquefaction tube into the series of tubes containing plati¬ 
nized asbestos (see page 465, and F, Fig. 4), heated to 400^ C; 
from there the gas passed through the mercury bulb L^, Fig. 
4, into the globes. The rest of the operation was as already 
described. The results are included in Table VII. The pres¬ 
sures given were calculated from readings of barometers I, 
II and IV. 

The average of the four values is = i .429235 gm. 

Correction A becomes equal to - 0.000005, w 4 iich may be 
considered in this case. Then the value of the normal liter 
becomes: 

Ls - {Lf^ross 4 - (’J “ Rx + a -f .1 = 1.42905 gm. 


^ Tht' ifasoii for the difference found in the density of distilled and un 
<listilled oxygen is rather difficult to deternime with any degree of certainty 
Among the suppo,sition.s that can be made may he mentioned the presence, in 
the oxygen preiiared directly from potassium permanganate, of traces of carbon 
<lioxide (from the combustion of organic substances accompanying the perman¬ 
ganate j. or of very finely divided manganese dioxide carried along mcehanieally 
U is tiossible that the conditions, under which the decomposition of the tier- 
manganate is carried out, may be such as to avoid this source of error So Ray 
leigh, for example, found no appreciable difference between the weights of his 
globe when tilled with oxygen from various sources, without purification by frac¬ 
tional distillation, tlie average weight of oxygen contained at 0° C and reduced 
to 760 mni was 


From electrolysis 
From KCIC), 
From KMnOj 
Average 


2 6272 and 2 6271 gm 
2.6269 and 2.6269 gm 
2 6271 gm 
2.62704 gm 


2 Phil. Mag., (6) 15, 746 (1908), 21, 465; 22, 563 (igir) 
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Table VII 


Measure- 
, ment 

Globe 

Corrected 

barometer 

Mm 

1 ! 

Gross weight ' 
G ‘ 

Lgross 

G 

Lgross 4 " Cc 
G 

VI 

IV 

763 03 

I. 25123 

I .42866 

I .42867 

VI 

III 

763 03 

0 65417 , 

1.42976 

; 1.42976 

VI i 

i II 

763 03 

0 58866 

1.42911 

j 1.42916 

VI 1 

I 

763 03 

0.36164 

I 42934 

1-42935 


Conclusion 

The most trustworthy results found for the weight of the 
normal liter of oxygen are the following; 


First, or general scries, ii observations. . La = 1.42906 

Second, or special series, 4 observations. Ln — i .42905 

Arithmetical average of the 15 observations.. Lv = 1.42906 


This value is nearly identical with the values proposed 
by Rayleigh (1.42904), Morley (1.42900), Thomsen (1.42906), 
Gray (1.42896), and Jaquerod and Tourpaian (1.4290): it 
differs by only one part in ten thousand from that found by 
Jaquerod and Pintza (i .4292), and by two parts in ten thousand 
from that found by Leduc (1.42876). 

The two most satisfactory series of measurements made 
in the pa.st are the following: 

Morley, 41 observations . Ln = 1.42900 

Rayleigh, 16 observations. ... . Ln — 1.42904 

Taking the .series of measurements described in the present 
research into account with these, the average of the three series 
of results (comprising 72 observations), obtained independently 
is: 

L.\ = 1.42903 

which coincides almost exactly with Rayleigh’s number. 
However, in order to take into account the fact that the 
measurements described in this paper were carried out (1) 
on oxygen purified by liquefaction and fractional distillation, 
and (2) with several barometers so that the average of all the 
pressure readings could be used for each observation, it seems 
justifiable to give a little more weight to the value found in 
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this research; I propose, therefore, as the most probable value, 
in the present state of our knowledge, for the weight of the 
normal liter of oxygen, the number: 

Lh r= 1.42905 
Summary 

A brief historical survey of the more important determina¬ 
tions of the density of oxygen has been made, 

A detailed account of the modern methods used in the 
Geneva laboratory in the determination of gas densities, with 
particular reference to the purification of the gases used, is 
given. 

An improvement in the globe method, as it has been de¬ 
veloped in Geneva, is described, consisting in the simultaneous 
use of a number of barometers equal to the number of globes 
employed. 

The density of oxygen was revised, operating on gas fur¬ 
nished by the decomposition of potassium permanganate and 
purified by fractional distillation. Fifteen determinations 
led to the value: 

Ln == 1.42906 

This value, taking into consideration the results of Morley 
and Rayleigh, leads to the yalue: 

Lk = 1.42905 

which represents at the present time the most probable value 
for the weight of the normal liter of oxygen. 

The Morley Chemical Laboratory , 

Western Reserve University , 

Cleveland , Ohio 



EXPERIMENTS ON EMULSIONS. II 


. BY T. ROLAND BRIGGS AND HUGO P. SCHMIDT 

Emulsions of Water and Benzene 

The experiments described in this paper are to be regarded 
as supplementing and continuing Newman’s work on emulsi¬ 
fication,^ the theory of which has been reviewed and co¬ 
ordinated by Bancroft.- In the majority of his experiments, 
Newman used benzene and water as liquid components; 
we shall do the same for the reason that disturbing factors'* 
arc reduced thus apparently to a minimum. 

Newman’s experiments were undertaken primarily to 
• study the conditions under which are formed the two theoret¬ 
ically possible types of benzene-water emulsions—emulsions 
of benzene as disperse phase in water and emulsion of water 
as disperse phase in benzene. While the first type is well 
known and has been studied in detail in many instances, 
surprisingly little has been written about the second type 
up to the present, although emulsions with water as internal 
phase are of wide occurrence.' It is with regard to the second 
type of emulsion that Newman’s results are most striking and 
we shall refer to these later. 

In the experiments to be described, the emulsions were 
prepared by direct shaking, and were accordingly comparable 
with Newman's preparations. Glass-stoppered bottles of 
125 cc capacity were used as containers, after being cleaned 
first in soapy water, rinsed and immersed in hot cleaning mix¬ 
ture for at least one day. By this painstaking treatment 

‘ Jour Rhys Cheni , i8, 34 (1914) 

^ Ibid , 16, 177, 345, 474, 739 (i9t2); 17, 50 (191.U; 19, 275 fiQis)- 

■' In.sufficient care has been taken in the past to exclude the possibility 
of pha.se in the oily impurities, especially of free fatty acids. 

■'Cf Bancroft, ln< cit , also Holmann: Zeit. Biologic, 63, 395 (1914) 
Ivmulsions of water in oil have been mentioned in pharmaceutical papers from 
time to time. Cf Saunders Pharm. Jour.. (3) 5, 663 (1874); Gerrard: Pharm. 
Jour., (3) 18, 431 (1887). 
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disturbing effects due to contamination of the surface were 
probably eliminated. 

The shaking machine produced very largely a lateral 
motion approximating 400 oscillations per minute. A special 
frame was constructed to hold several bottles at a time, and, 
by accommodating them in a horizontal position, ensured 
the maximum effect being obtained. Unless it is specified 
otherwise, shaking was done at room temperature, which 
did not vary very seriously throughout these experiments, 
the apparatus being located in the basement of the Salisbury 
laboratories. 

As already stated, the work was confined wholly to two 
liquids, benzene and water, with the addition of a number 
of emulsifying agents -some miscible with water only and 
others miscible only w'ith benzene. The benzene itself was 
used repeatedly, being recovered from discarded emulsions 
as follows: the emulsified mixture was “cracked” by adding 
a little sulphuric acid and the benzene removed and dried over 
calcium chloride and a stick of caustic potash. The benzene 
was then distilled carefully. 

In preliminary experiments the capacity of the shaking 
apparatus was ascertained with results that agreed essentially 
with Newman’s. Emulsions of benzene in solutions of sodium 
oleate were those first prepared. Except when much benzene 
and little soap solution w^ere mixed, the system separated into 
two distinct layers on standing after emulsification—into 
an upper, opaque and very viscous layer of closely packed 
benzene globules and into a lower clear stratum consisting 
of soap solution with perhaps a trace of Vjenzene in suspension. 
When the relative proportion of aqueous liquid was very small, 
not enough remained in excess to produce the lower stratum 
and the whole formed a mass like blanc-mange, the viscosity 
of which increased rapidly with the relative amount of benzene. 
With incomplete emulsification, however, a third layer made 
its appearance, consisting of clear and non-emulsified benzene, 
superposed upon the opaque layer of completely emulsified 
benzene which comprised a portion of the mixture. In the 
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tables to follow, complete emulsification is indicated by the 
presence of one-layer or two-layer systems—incomplete emulsi¬ 
fication by three layers. 

Emulsions of Bensene in Water: Composition and Time of 

Shaking* 

By following the procedure established by Newman, 
a study was made of the degree of emulsification and the compo¬ 
sition by volume, according to two different methods. In 
one case (A) the concentration of soap in the aqueous phase 
was kept con.stant throughout a given set of emulsions, although 
the absolute amount of soap present varied directly with the 
volume of solution used. In the second case (B), the absolute 
amount of emulsifier was kept constant, while its concentra¬ 
tion in the solution varied inversely as the volume. A third 
procedure suggests itself for comparison—to maintain a fixed 
ratio between the quantity of emulsifier and the volume of 
the disperse phase (benzene). No experiments of this tjqie 
have been made, however. 

A run was made with nine mixtures of benzene and one 
percent sodium oleate solution. The nine bottles were shaken 
simultaneously for five minutes. The results follow in Table I: 

Tabi,e I 

Emulsions: benzene in water. 

Aqueous phase: one percent sodium oleate. 

Time of shaking: 5 minutes. 

Room temperature. 

No of bottle Remarks 

I. 2i 3 90, 80, 70 Three layers 

4. 5. 6, 7, 8, 9 60, 50, 40, 30, 20, 10 Two layers 

From the table given above it will be seen that shaking 
for five minutes completely emulsified the benzene in six out 
of nine of the mixtimes. When the benzene in the original 
mixture comprised 90, 80 or 70 percent by volume, emulsi¬ 
fication occurred only partially and three layers were visible. 
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We next endeavored to carry the emulsification further by 
longer shaking. 

On shaking for ten minutes, No. 3 was transformed into 
a completely emulsified mixture of two layers, while the inter¬ 
mediate, opaque stratum of emulsified benzene had increased 
visibly in both No. i and No. 2. After fifteen minutes. No. 2 
showed two layers only; after thirty minutes even No. i suc¬ 
cumbed to the persistency of the treatment. There appears 
thus to be no definite limit beyond which one cannot go in 
emulsifying directly mixtures of benzene and soap solution, 
though as a matter of fact no one would ever employ this 
method of making an emulsion of high benzene content, if 
he were in a hurry. The method of adding benzene continu¬ 
ously and gradually during the shaking is vastly more satis¬ 
factory. 

An interesting and characteristic phenomenon was ob¬ 
served to occur as each mixture became completel)’^ emulsified 
and the clear benzene layer disappeared. A sudden develop¬ 
ment of foam took place, which could be detected during the 
shaking by the sharp change in appearance of the mixture 
in the bottle or by the sudden disappearance of the typical 
“splashing” sound produced by the agitation of the liquid. 
As long as the benzene is only partly dispersed and there is 
no foam, the splash is distinctly audible; but, on the produc¬ 
tion of foam, the latter acts as a cushion and the splash be¬ 
comes almost inaudible. This behavior seems to indicate 
a selective emulsifying action on the part of soap, for it ap¬ 
pears to exert a greater emulsifying action on benzene as 
compared with air, and can form an emulsion of air only when 
the benzene is completely dispersed. Accordingly, the final 
emulsions prepared by the method undoubtedly contain a 
certain percentage of emulsified air, which one ought not to 
lose sight of. 

A supplementary series of experiments was carried out 
accord'ng to the second method of procedure (B), already dis¬ 
cussed. As the results obtained differed in no respect from 
those with method A, no data will be given in this paper. In 
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all subsequent work, the first mode of procedure was followed 
exclusively. 

A more detailed study was now undertaken of the time 
required to emulsify completely mixtures containing different 
relative .amounts by( volume) of benzene, and one percent 
sodium oleate. As before, the work was done at room tempera¬ 
ture. The combined volume of benzene and aqueous solu¬ 
tion was kept constant at 50 cc throughout the series, the re¬ 
sults of which follow. For part of the data we are indebted 
to Mr. H. G. Carter, working in this laboratory. 

Table II 

Emulsions: benzene in water. 

Aqueous phase: one percent sodium oleate. 

Time of shaking variable. 

Room temperature. 


Percent of benzene i 

Time required for complete emulsification 

bv volume 

j 

(Minutes) 

99 ! 

(Incomplete after 8 hours) 

96 

125 

95 

40 

90 

23 (22) 

80 

17 (ii) 

70 

TO 

60 

7 

50 

3 

40 

2 

30 i 

Less than 1 


The curve in Fig. i is constructed from these data, 
with times required for complete emulsification as abscissae 
and parts of benzene by volume as ordinates. From this it 
is evident that the necessary amount of shaking increases 
with the percentage of benzene to be emulsified, at first slowly 
and then with very rapidly increasing speed, until the amount 
of shaking becomes infinitely great, for all practical purposes. 
With the particular apparatus employed in these experi¬ 
ments, the limiting value works out to be in the neighborhood 
of 98 percent of benzene by volume; emulsions containing a 
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greater proportion of benzene cannot be made with the ap¬ 
paratus by mixing the component liquids directly and shaking. 
Such emulsions can be prepared, however, by adding benzene 
to the soap solution little by little and by taking care that 
emulsification is complete before every fresh addition. 



Of course the position of this curv^e is dependent not only 
upon the size and shape of the bottles used as container^, the 
speed and mode of agitation, etc., but also upon the strength 
of the soap solution, to a certain extent. What the effect of 
varying the soap concentration may be, is the subject of the 
next investigation. 

Emulsions of Benzene in Water: Influence of Soap 
Concentration 

According to the method producing the data of Table I, 
several sets of nine emulsion mixtures were prepared, each set 
containing a soap solution of definite but changed concen¬ 
tration as external phase. After shaking for five minutes, 
the progress of events was observed and the sets shaken again 
for five minutes, making ten minutes as the total. The data 
follow. 

In Fig. 2 these data arc graphically treated by using 
soap concentrations in the aqueous phases as abscissae and 
for ordinates the percentage of benzene by volume in that 
emulsion of each set which contains a maximum of com- 
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Table III • " , • 


j Maximum percent of benzene einulsified 

Concentration of soap 

(approximate) 

in aqueous phase 
(percent) 

! 

1 Shaking 5 minutes 

: _ . . 

Shaking 10 minutes 

0.1 

i 30 ! 

30 

1.0 

60 1 

70 

2.0 

i 1 

70 

4.0 

: 50 

70 

6.0 

: 50 ! 

70 

8.0 

1 50 

70 

10.0 

40 

60 



Fig 2 


pletely emulsified benzene. The curves indicate a slight maxi¬ 
mum in the peptonizing (emulsifying) action of sodium oleate 
on benzene as the concentration of the former increases 
though it is possible that the slight falling off in the emulsify¬ 
ing power as the soap solution becomes very concentrated is 
due to an increase in viscosity. The optimum concentration" 
of soap seems to be about one percent, which is in agreement 
with certain qualitative observations made by one of us in 
a former paper.* 

Emalsions of Benzene in Water. Study of Some Emulsi¬ 
fying Substances 

A comparative study was next imdertaken of the emulsi¬ 
fying power of several different compounds, all of which form 


1 Briggs: Jour. Phys Chem , 19, 210 (1915). 
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colloidal solutions in water to a certain extent and are coagu¬ 
lated by benzene. The first of these, if we except sodium oleate 
as already studied, was sodium resinate—^pure resin soap. 
The data follow: 

Table IV 

Emulsions: benzene in water. 

Aqueous phase: one percent sodium resinate. 

Time of shaking: 20 minutes. 

Room temperature. 

No. of bottle Percent benzene by volume Kemarks 

1,2 90, 80 Incomplete 

3. 4. 5. 6 , 7, 8, 9 70, 60, 50, 40, 30, 20, 10 Complete 

The appearance and behavior of these resin-soap emulsions 
differed in practically no respect from those prepared with 
sodium oleate, just as one would expect from the similarity 
of the emulsifiers. As a matter of accuracy, however, it is 
only fair to state that the resin soap is slightly, though defi¬ 
nitely, less efficient than sodium oleate. 

Pickering has described certain inorganic emulsifying 
agents as follows:’ “When copper sulphate was added to 
lime before emulsification, it was noticed that the emulsion 
produced was altogether different from that with lime alone, 
and following up this indication, it was found that the basic 
sulphate of copper, precipitated by the action of lime on the cop¬ 
per sulphate, is, by itself, capable of emulsifying paraffin oil and 
water almost as finely as, and much more easily than soap. . 
On the other hand, no connection between emulsification and 
the nature of the metal present can be traced; copper hydroxide 
will not emulsify, though the basic sulphate will, whereas both 
ferrous hydroxide and basic sulphate are good emulsifiers.” 

In a recent paper,” Hofmann has discussed the conditions 
under which a powdered solid will condense in the interface 
between two liquids and he has also described some interesting 
emulsions produced in this way, notably a very permanent 

' Jour. Cbetn. Soc., 91, 2002 (1907). 

' Zeit. Biologie, 63, 395 (1914)- 
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emulsion of chloroform in water containing silver dichromate. 

While on the subject of Pickering’s inorganic emulsifiers, 
it is interesting to note that a certain argillaceous earth, 
called Tfol/ consisting largely of silica, is used by the Arabs of 
northern Africa as a substitute for soap in washing linen. Not 
only does it absorb oil but it also strongly emulsifies oil in water. 

To illustrate Pickerings inorganic emulsifiers, experi« 
ments were performed with aqueous ferric acetate (Merck) 
as the water phase. Ferric acetate is strongly hydrolyzed in 
solution, with the production of a very stable suspension of 
hydrous ferric oxide^ (or basic acetate). If hydrous ferric 
oxide in suspension possesses the two pr‘me requisites of an 
emulsifying agent—the property of condensing by adsorption 
in the dineric interface^ and the ability to form under these 
circumstances a strong and coherent film--it will produce a 
stable and, in our opinion, a true emulsion, having all the 
properties of Pickering s emulsions with basic copper sulphate. 

One percent solutions of ferric acetate were shaken with 
benzene for twenty minutes as in the preceding case. The 
results follow in Table V: 

Table V 

Emulsion’ benzene in water. 

Aqueous phase: one percent ferric acetate. 

Time of shaking: 20 minutes. 

Room temperature. 

No of bottle Percent benzene by volume' Remarks 

1, 2, 3, 4, 5 90, 80, 70, 60, 50 Incomplete: 3 layers 

b, 7> 9 30, 20, 10 Complete: 2 layers 

The completed emulsVms were quite stable and were 
light brown in color; in each case foam appeared above the 
layer of emulsified benzene. One may conclude safely from 
these experiments that hydrous ferric oxide in aqueous sus¬ 
pension is a fairly good emulsifying agent. 

1 Pharm. Jour., (4) 6, 1228 (1898). 

2 Pean cle vSt. Gilles Comptes reudus, 40, 568 (1855), etc ; Reinitzer, 
Monatshefte, 3, 249 (1890) 

« Cf. Bancroft- Jour Phy.s. Chem , 19, 275 (1915). 
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A similar conclusion has been reached previously by one 
of us^ and it has been suggested in this connection that the 
production of an emulsion when a pure oil is shaken with a 
liquid can be interpreted as indicating the presence of a sub¬ 
stance suspended in the aqueous phase. But it is well to ob¬ 
serve that the non-production oj an emulsion docs not prove 
necessarily the non-existence of a colloid in suspension, for 
not all colloids are emulsifying agents. To act as such, 
they must fulfill the two requirements already slated. 

When one prepares a solution of methyl \iolet in water, 
a distinct foaming occurs if the liquid is agitated Foam being 
an emulsion of air in water, it was to be expected that aqueous 
methyl v iolet would act as a strong emulsifving agent toward 
lienzene. On attempting to make emulsions with benzene 
and a one percent solution of the dye, no satisfactory results 
were obtained, though evidences of a slight emulsion-formation 
wx^re not entirely absent. Diluting the solution of the dye 
to one-fifth likewise produced no emulsions. In this case 
it is quite probable that, although condensation of dye may 
occur in the dineric interface, the properties of the film so 
formed are quite unsuitable to the production of an emulsion. 
Further experiments of this kind should be undertaken with 
dyes in solution, for it would be interesting to compare the 
dyes of undoubted colloidal nature, such as congo-red, with 
those forming true or semi-colloidal solutions. 

Experiments were next carried out with gelatine as emulsi¬ 
fier and the following data obtained: 

Table VT 

Emulsion: benzene in water. 

Aqueous phase: one pert'cnt gelatine. 

Time of shaking; 20 minutes. 

Room temperature. 

No. of bottle Percent benzene by volume 

1,2,3,4,5 90,80,70,60,50 

6, 7, 8, 9 40, 30, 20, 10 

' Briggs: Jour. Phys. Chem., i 6 , 281 (1913). 


Remarks 

Incomplete 

Complete 
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The data given in the table above show .that gelatine is 
not as efficient as the alkali soaps—indeed it is little better 
than ferric acetate solution. However, a very large quantity 
of foam was produced in the four completed emulsions. When 
the quantity of benzene was large relative to the amount of 
gelatine solution, the attempted emulsification served to pre¬ 
cipitate the colloid in large white flocks, which floated in the 
benzene or stuck to the walls of the bottle. This observa¬ 
tion ‘ accoimts in all probability for the comparative inefficiency 
of gelatine as an emulsion builder. 

In pharmaceutical work gum arabic is used very exten¬ 
sively as an emulsifying agent, not only because of its ability 
to disperse oil in water, but also because of its harmlessness. 
Experiments performed by us with a one percent solution 
showed that the gum possessed even less emulsifying power 
than gelatine. Evidences of flocculation were obtained in 
this case also. It is necessary to observe that the pharmacist 
prepares his gum arabic emulsions, not by shaking, but by 
trituration in a mortar, so that the conditions of experiment 
may be quite different. 

The Surface Factor. Preliminary Wetting: of Glass with 
Water or Benzene 

Wa. Ostwald* has observed specific effects, depending 
upon whether the glass surface is wetted with oil or water, 
previous to making an emulsion. He writes as follows: 

“The piuified and dried surfaces (glass cylinder and stirrer) 
were carefully covered with oil in case an oily emulsion was 
wanted, and with water in case a watery emulsion was to be 
made. The other liquid was added and the stirring begun. 
The short-lived emulsions had very different properties de¬ 
pending upon whether the surface was water or oil.’’ 

Hofmann^ also discusses the subject. The following is 
taken from his paper: 

“The wetting of the .walls of the flask plays an important 

' Cf. Winkelblech’s experiments: Zeit. angew. Chemie, 19, 1953 (1906). 

2 Zeit. Kolloidchemie, 6, 103 (1910). 

* Zeit. Biologic, 63, 398 (1914). 
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part in these researches. It is often possible to change the 
relationship entirely— that is, to prepare an emulsion of water 
in the second liquid (chloroform, etc.) if one shakes together 
both liquids in a .flask, in which the water has been displaced 
from the walls by the second liquid. This can be shown best 
by dissolving a little lecithin in chloroform and shaking with 
water or aqueous-bichromate solution. There is thus pro¬ 
duced a very fine and permanent emulsion of water in chloro¬ 
form, in which the water drops are coated with precipitated 
lecithin and are hindered from re-uniting for a long period of 
time. On standing quietly, however, the water globules 
finally coalesce. If the same experiment be performed with 
a solution of wax in chloroform, there is likewise obtained 
an emulsion of water in chloroform. It is especially 
interesting to observe, in this case, how the wax films about the 
single water globules gradually melt to larger membranes 
which float in water, until they collapse together entirely, 
when the flask is shaken rather vigorously. One may follow 
the production of the ‘haptogen membrane' in such cases 
very beautifully, even with the naked eye. 

‘‘According to the experiments described, that liquid 
which is displaced from the walls of the flask by the other, 
is more easily emulsified by shaking, than the better wetting 
liquid. Still, the wetting of the glass walls is not the only 
determining factor. There is aVided also the mutual quantity 
ratio of the two liquids. If to a clean flask, capable of being 
wetted easily by water, one adds to a large quantity of chloro¬ 
form only so little water that the latter floats on the surface 
of the chloroform in large drops without reaching the glass 
walls, under these conditions the water is dispersed as minute 
drops by shaking. On the other hand, chloroform containing 
dissolved wax is dispersed in water by being shaken in a wax- 
coated flask, in case the chloroform is not too greatly in ex¬ 
cess. These relationships have been discussed by Wa. Ost- 
wald^ and by T. B. Robertson. ^ It is possible to express 

' Kolloid. Zdt., 6, X03 (1910). 

* Ibid., 7, 7, (1910). 
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the influence which wetting of the surface exerts, by means 
of the rule (not always true as we shall see) that with equal 
quantities of the two liquids the poorer wetting one will be 
emulsified in the better.” 

In our experiments the interior of a clean and dry glass 
bottle was wetted with 40 cc of benzene, 10 cc of one percent 
sodium oleate were added and the whole shaken until com¬ 
pletely emulsified. The time required was nine minutes. 
A second bottle was wetted with 10 cc of soap solution and 
40 cc of benzene were added. Complete emulsification re¬ 
quired nine minutes of shaking, as in the prev'ous case. The 
emulsions produced were both of the benzene-in-water type 
and absolutely identical in appearance. Furthermore, the 
results were the same, even when the surface was increased 
relatively and absolutely by the addition of a given quantity 
of glass beads to each bottle before shaking. The order in 
which the components are added to the bottle seems to be 
unimportant; so also it makes little difference which of the 
two liquids wets the glass surface in the beginning. 

The material composing the surface was next changed 
by coating the interior of the bottle with substances such as 
bakelite, collodion, lacquer, shellac, etc. In this case also, 
just as in the experiments immediately preceding, no important 
differences were observed in the amount of shaking required 
to produce a completed emulsion, though perhaps the collodion 
surface aided the process to a certain extent. At any rate, 
the emulsions were all of the benzene-in-water type. 

Ostwald’s experiments are not highly satisfactory, as 
a matter of fact, for his emulsions scarcely deserve the name, 
being, as they were, coarse and ephemeral suspensions of oil 
in water or water in oil, with no emulsifying agent specified. 
Nevertheless, they undoubtedly point to a determining in¬ 
fluence produced by the liquid wetting the walls of the flask. 
The liquid wetting the walls tends to become the outside 
phase. The strength of this tendency is small, however. 

Hofmann’s experiments are complicated by the use of 
a third substance—lecithin or wax. These being soluble in 



Experiments on Emulsions 


491 


benzene and insoluble in water and having the ability to con¬ 
centrate in the interface as a coherent film, one should expect 
an emulsion of water in benzene to be produced, regardless 
of which liquid wets the walls of the bottle. Of course, this 
expectation is warranted only by the assumption that the 
determining effect of the third substance is much greater than 
that of the surface wetting. Hofmann’s results seem to 
indicate also that the relative volumes of the two liquids 
constitute a third factor. This is likewise unimportant, 
relatively, for it is easily possible to prepare an emulsion of 
benzene in water containing 99 percent of the former if sodium 
oleate be used as emulsifier, while almost as great a percentage 
of water has been emulsified in benzene containing magnesium 
oleate or in white lead paints containing rosin. 

Since the use of an emulsifier of peculiar influence counts 
against Hofmann's conclusions, so also the same objection 
applies to our own experiments with sodium oleate emulsions 
All that we may conclude with safety is that the nature of the 
third substance o\ershadows in its determining effects the 
two other factors wetting of the surface and relative volumes 
of the liquids. How far this conclusion applies to emulsifica¬ 
tion by other means than shaking, is not certain. 

Emulsions Containing Free Alkali 

Experiments w'ere performed by Mr. H G. Carter in 
this laboratory to determine what effect is produced upon the 
time required for emulsification by adding free sodium hy¬ 
droxide to the soap solution. The data appears in Table \TI 

These data arc made more easily intelligible by the curves 
in Fig. 3, where the abscissae measure the concentration 
of free alkali in the soap solution and the ordinates are the 
average times required to complete the emulsions. Since 
these last are an inverse measure of the ease with which an 
emulsion containing a definite quantity of free alkali may be 
obtained, the curves show that small amounts of free alkali 
(not exceeding one-tenth of one percent) are distinctly bene¬ 
ficial. As the alkali content increases, however, the emulsions 
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Table VII—Effect of Free Alkali 


(a) Aqueous phase: one percent sodium oleate 


No. of 

1 

Percent ben- 

Shaking required in minutes 


bottle 

zene Dy ; - ■ - i 

volume NaOH == o% [ 

o.oi % 

p 

1.0% 

1 

90 i 

22 ' 

20 

i ^9 

>30 

2 

! 8o 

II i 

8 

i 6 

>30 

3 

70 

10 

6 

i 4 

>30 

4 

6o 

10 

6 

! 4 

14 

5 

50 

3 

2 

. I 

2 


Average, 

10.6 ' 

8.2 

1 6.4 

> 17 


(b) Aqueous phase: 0.5 

percent sodium oleate 

I 

1 90 

30 

19 

23 

>30 

^ k 

; 80 

9 

6 

8 

>30 

3 1 

1 70 

8 

4 

6 

>30 

4 e 

; 60 

5 

I 

I 

15 

5 I 

50 

3 

1 

I 

3 


' Average, 

11 

6.2 

7.8 

>22 









Fig- 3 


are produced with greater difficulty. This fact may be con¬ 
nected with the “salting out’’ of the soap by the addition of 
sodium hydroxide. The stabilizing action of small amounts 
of free hydroxide may be due to a true peptonizing action or 
to the reduction of hydrolysis and the consequent disappearance 
of the acid sodium oleate, a relatively insoluble substance. 
It is interesting to note that as the concentration of the soap 
solution falls off, the value of the optimum concentration 
of free alkali decreases. 
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Emulsions of Water 

Newman’s emulsions of water in benzene were prepared 
by shaking water up with benzene containing a dissolved 
third sut)stance of suitable emulsion-building properties. 
After considerable experimenting it was found that the metallic 
soaps were eminently useful, especially the oleates of mag¬ 
nesium and calcium, which though insoluble in water are 
readily dissolved by warm benzene. It is not certain what 
the nature of these solutions is; it seems quite probable, how¬ 
ever, that they are colloidal. 

When water and a benzene solution of magnesium oleate 
are shaken together, if the water is not in too great excess, 
the latter is completely emulsified in the benzene solution; 
if the relative proportion of water is large, the emulsification 
is incomplete. In this respect the similarity between the two 
types of emulsion is shown very plainly. On the other hand, 
if water is added little by little with constant shaking its rela¬ 
tive })roportion may be increased up to ninety percent or more, 
until a stiff, jelly-like mass is obtained. The emulsions of 
water in benzene differ strongly from those of the other type 
by being very much less stable; within a few hours they in- 
A ariably decompose 

The two types of emulsion are very much alike in outward 
appearance, especially when the concentration of the disperse 
phase is relatively high in either ca.se. A very useful test^ 
has been devised for the purpose of distinguishing one form 
of emulsion from the other—a test which depends upon the 
fact that an emulsion is miscible with an excess of that liquid 
which forms the external phase but is not miscible in the liquid 
composing the disperse phase or the drops. If one removes 
a bit of the opaque cream from a benzene-in-water emulsion 
with a clean glass rod and stirs it into a drop of u^aicr on a 
glass plate, it will be found that the emulsion and the excess 
of water mix completely and easily. On the other hand, if 
a second portion be stirred into a drop of benzene, no mixing 


Newman: Jour. Phys. Chem., i, 34 (1914)- 
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at all takes place. If the emulsion is of the water-in-benzene 
type, however, mi x ing occurs readily in benzene, but not in 
water. The test is quickly performed and is exceedingly 
decisive. In this connection it is interesting to find that 
Pickering^ recognized the principle involved when he wrote: 

“There are no signs of an emulsion of water in oil [using 
the alkali soaps]. As a consequence of this, an emulsion— 
even a 99 percent one-—will mix perfectly with water to form 
a weaker emulsion, but will not mix with more paraffin [oil].’’ 

Magnesium oleate was prepared from the sodium salt 
and magnesium sulphate, washed until free from soluble im¬ 
purities and carefully dried. One percent solutions of the 
oleate in benzene were made up, by heating a mixture of 
the two on a steam bath in a flask fitted with a reflux condenser. 
In about an hour solution was complete. In the experiments 
to follow the concentration of soap in the benzene was kept 
constant, according to procedure A. 

Four sets of emulsions were made—each set containing 
the usual nine bottles—and the time of shaking was varied 
as follows: 5, 10, 20 and 30 minutes. No case of three layers 
was observed, for all the lower water layer seemed to be 
emulsified in every bottle, though the stability and opacity 
of the lower layer increased with the duration of the shaking. 
Two layers only were produced, an upper layer fcloudy) 
consisting of an excess of benzene, and a lower opaque layer 
of emulsified water. The appearance of the set was just 
the reverse of that observed with the set of completed benzene- 
in-water emulsions, for in the latter case the opaque cream 
floated on the clear layer while in the present instance the 
opaque cream settled to the bottom and the clear layer re¬ 
mained on top. In no case was the separation of an excess 
water-layer observed, unless the emulsions were breaking 
down, which they did very rapidly when once started. The 
only visible effect of long-continued shaking, as we have seen, 
was to increase the opacity of the lower layer ; we can infer 


Jour. Chem. Soc., gi, 2(Ky$ (1907;. 
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from this that the mean diameter of the water globules was 
correspondingly lessened. 

With a one percent solution of magnesium res'nate in 
benzene (the soap dissolved very easily in this case), the at¬ 
tempt to produce stable emulsions was a failure. The rcsinate 
was precipitated in flocculent masses by contact with water 
Thus, although this particular substance is able to condense 
in the dineric interface, it does not possess the necessary 
ability to produce a suitable membrane and to insure the sta¬ 
bility of the emulsion momentarily produced. Copper rcsinate 
and lead oleate are also unsatisfactory. Barium oleate is 
less effective than the magnesium salt. 

With aluminum palmitate the emulsions were slightly 
different in their general aspect. Several hours' heating was 
necessary to produce an approximately one percent solution 
of the soap in benzene. After being shaken and allowed to 
stand, the emulsions did not separate into the usual two layers, 
l)ut formed a stiff and viscous jelly. This jelly was not very 
opaque it was fairly translucent as a matter of fact. 

Under the microscope these palmitate emulsions consisted 
of large and irregular drops of liquid (w^ater), entangled ap¬ 
parently in a voluminous precipitate of a very gelatinous 
nature. After standing for half an hour, the emulsions 
broke down spontaneously; but before this took place, they 
fulfilled the test for an emulsion of water in benzene. These 
emulsions seem to be analogous with Pickerings “quasi- 
emulsions,”^ which he describes as follows: 

“The general behavior of these lime emulsions suggests 
that they are merely coarse mechanical mixtures of lime and 
paraffin and not true emulsions. An examination under 
the microscope confirms this view; the oil globules in them are 
very large and show^ great variation in size, being, when under 
the most favoraVde conditions, ten times the diameter of 
the globules in a soap solution. They appear to be merely 
caught by, and entangled in the particles of lime.” 

Following this suggestion a microscopic examination of 

’ Jour. Chem. Soc., 91, 2008 (1907)- 
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the various emulsions was undertaken, with the result that 
interesting diiferences were discovered. Emulsions of benzene 
in sodium oleate, resinate, etc., were of the usual form, con¬ 
sisting as they did of small spherical drops of benzene float¬ 
ing in the aqueous medium. While the globules were irregular 
in size, they could be made smaller and more uniform by 
homogenization. * The interesting thing is that the membranes 
about the drops must be very elastic and mobile, for no varia¬ 
tion from the spherical shape of the globules was to be seen. 
With the emulsions in aqueous gelatine, however, this was 
not the case, for the globules were somewhat irregular in shape 
and the membrane was thick enough apparently to be visible. 
Here is a case .similar to that of the haptogen membrane 
in milk. One cannot neglect to take into consideration the 
strength, elasticity, and permanence of the surface membrane. 

The internal structure of the water-in-benzeue emulsions 
was found to be of a different nature. The magnesium oleate 
emulsions seemed composed of a gelatinous material con¬ 
taining a large proportion of water in exceedingly irregular 
masses; there were no sharply defined water globules as such 
and the readiness with which the emulsions decomposed while 
under observation made their study a very uncertain matter. 
The structure of the magnesium emulsions was the same es¬ 
sentially as that of the aluminum palmitate emulsion de¬ 
scribed—the difference being one of degree only. The more 
pronounced development of the gelatinous material in the 
second case accounts without doubt for the non-formation 
of two layers on standing. 

Emulsification and the Drop Humber 

Donnan- has measured the effect of alkali soaps in lower¬ 
ing the surface tension between oil and water, by counting 
the number of drops produced when a given volume of oil 
is allowed to flow through the aqueous solution and by com¬ 
paring the number .so found with that obtained by allowing 
an equal volume of oil to drop through pime water. The ap- 

‘ Briggs: Jour. Phys. Chem., 19, 223 (1915). 

* Zeit. phys. Chem., 31, 42 (1899). 
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paratus required for the purpose is called a “drop pipette,” 
and the number of drops per given volume of oil is the *^drop 
nuinber.” As the surface tension is lowered by continued 
addition of small quantities of soap to water, the drop number 
of oil is increased until it finally reaches a fairly constant value. 

A drop pipette was constructed from a 5 cc pipette by 
fusing a length of capillary tubing to the stem below the bulb 
and this was bent into a U and drawn out to a fine point, 
the whole having the shape of a large fish-hook. The bent 
portion was placed into a beaker of distilled water or into the 
solution being studied and a given volume of benzene allowed 
to flow upward in drops through the solution. The approxi¬ 
mate number of drops being ascertained, the following data 
were produced: 

Aqueous phase Ninnl)er of benzene drops 


Water (distilled) 

87 

Ditto 

89 

Sodium oleate 

230 

Sodium resinate x% 

210 

Gum arabic i 1 

61 

Gelatine I 

23”'32 


The soap solutions give data as per schedule, where the 
greatly decreased surface tension as compared with pure water 
is indicated by the rise in the drop number. But with gum 
arabic and gelatine the results are quite different, for here 
another factor enters in—the great elasticity and strength 
of the semi-solid films formed about the drops of benzene. 
This may be seen quite easily, for the films act like small 
rubber bags, which expand steadily as they are filled with 
benzene and are detached only with difficulty from the orifice 
of the pipette. This permitted the drops to become com¬ 
paratively large in some instances and quite irregular in shape. 
These observations are entirely in agreement with what we 
have reported as the result of microscopic examination. 
Finally, both gum arabic and gelatine are emulsifying agents, 
so that drop-number measurements are not a fair and sufficient 
test for an emulsifier in solution. 
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Having determined the drop number of benzene against 
a number of aqueous solutions, we decided next to measure the 
drop number of water against benzene containing the metallic 
soaps in solution. This was easily done by giving the capillary 
of the drop pipette an extra bend so that the orifice pointed 
downwards and allowing the water to flow from the pipette 
in drops' through the benzene solution. The drop numbers 
follow; 


Benzene phase 


Number of water drops 


Distilled benzene 42 

Benzene + 1% Mg oleate 160-180 

Benzene + 1% Mg resinate i6a-i8o 

Benzene + 1% A 1 palmitate 48 -50 


These data seem to indicate that the magnesium soaps 
in benzene act in a manner that is analogous in all respects 
to the alkali soaps in water, so far as the drop number is con¬ 
cerned. Actually, however, the film produced by the re.sinate, 
though equally effective in the first instance by comparison 
with the oleate, goes to pieces very quickly and the emulsions 
produced at first are consequently quite unstable. The alu¬ 
minum palmitate emulsions, while very coarse, actually were 
more permanent than those prepared with magnesium resinate. 
Here again the drop number is not in every case a measure 
of the ability of a solution to form a permanent emulsion of 
the liquid under coUvSideration. 

The results of this paper are the following: 

I. Two types of emulsion are possible with benzene and 

^ Thi‘ behavior of the falling water-drops in the benzene solution of mag¬ 
nesium oleate wa.s interesting to watch. As the drops fell, they assumed a spher¬ 
ical shape and became covered with a whitish film, not unlike* a scum, which 
prevented coalescence—at least for a time—when the drops came in contact 
with one another. This behavior of the freshly formed films was more striking 
when one observed the drops as they reached the water layer below the benzene 
The surface of the water was also covered with a thin, white scum and was sepa¬ 
rated by it from the benzene solution, so that, as the drops struck the water sur¬ 
face they bounded back like .so many small rubber balls. Here and there the 
film separating the drops from the mass of water became ruptured and coalescence 
occurred; moreover the strength of the films seemed to decrease with time. 



Experiments on Emulsions 


499 


water depending upon the nature of the emulsifying agent 
and the properties of the films produced in the dineric interface. 

2. Emulsions of benzene in water may be prepared if a 
suitable water-soluble emulsion builder is present; under 
these conditions the relative amounts of the two phases and 
the wetting of the walls of the bottle are of very little im¬ 
portance in determining the type of emulsion. 

3. Emulsions of benzene in water may be obtained by 
direct shaking in the presence of small amounts of alkali soaps 
and other substances; the concentration of benzene in the 
emulsion varies with the amount and intensity of vshaking, 
approaching a limit which is probably not much below 100 
percent. 

4. A study has been made of several different emulsifying 
agents soluble in water. The properties of the emulsions pro¬ 
duced depend largely upon the interfacial membrane. 

5. The ease with which benzene is emulsified in aqueous 
sodium oleate increases xery rapidly at first as the concen¬ 
tration of soap rises to one one-hundredth of one percent, 
after which it remains more or less constant. A slight maxi¬ 
mum occurs as the soap concentration increases. 

6. The ease with which benzene is emulsified in aqueous 
sodium oleate is strongly affected by free alkali hydroxide. 
At low concentrations free alkali has a peptonizing action; 
at higher concentrations it has a very deleterious effect, 

7. Emulsions of water in benzene may V)e prepared if a 
suitable benzene-soluble emulsion builder is present ; under 
these conditions the relative amounts of the two phases and 
the wetting of the walls of the bottle are of secondary impor¬ 
tance in determining the type of emulsion. 

8. The nature of the emulsions of water in benzene de¬ 
pends upon the properties of the film produced in the dineric 
interface. 

9. The drop number cannot be used directly as a measure 
of the probable efficiency of a substance as an emulsifying 
agent for a given liquid. 

Worcester Polytechnic Institute —Cornell University 
iqj3-~JQ15 



HEAT OF VAPORIZATION AND MOLECULAR AS¬ 
SOCIATION IN LIQUIDS 

BY M. M. CARVER 

In a recent paper‘ on “Molecular Association of Liquids,” 
Professor Tyrer takes occasion to condemn as “based on un¬ 
tenable assumptions” two articles of mine, the first on “A 
Thermodynamic Measure of the Degree of Polymerization of 
Liquid Substances,”- and the second on “The Polymerization 
of Liquids and a General Method of Determining its Relative 
Value.”® While the condemned articles made no claim to 
being beyond criticism, or to contain the last word on the 
subject they treated, they were offered as a real contribution 
to the literature of the subject which should be taken into 
consideration by any one interested in the molecular consti¬ 
tution of liquids: for the so-called “untenable assumptions” 
were based on a new, and, as it seems to me, important fact. 

The new fact, which, in my judgment, warranted the 
assumptions actually made (I repudiate entirely the condemned 
assumptions which were imputed to me) was a new equation dis¬ 
covered by me in an investigation on the range of molecular 
action.' The equation, which will be referred to in what 
follows as equation A, states that 

— = p — y.A 

26 m 

where 7 is the surface tension in dynes per centimeter length, 
6 is the range of molecular action, p is the density of the liquid, 
K is the absolute gas constant, m is the molecular weight of 
the vapor and T is the absolute temperature. 

Now the assumptions actually made, not the '‘funda¬ 
mental errors” and “unjustifiable assumptions” wrongly 

^ Jour. Phys Chem , 19, 81 (1915) 

2 Trans. Hoy vSoc Can.. 6, 95 (1912); Jour. Phys. Chem., 16, 454 (1912). 

® P^ighth Int. Cong. App Chem., 22, 129 (1912); Jour. Phys. Chem.. 16, 
669 (1912} 

* Trans Roy. Soc. Can , 6, 3, 81 (1912); Jour. Phys. Chem., 16, 284 (1912). 
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attributed to me, were based on my interpretation of this 
equation which Tyrer entirely ignores, thereby giving the 
reader the impreSvSion that my assumptions were based on some 
hazy notions about “intrinsic pressure'’ instead of on facts. 
Moreover, I doubt whether any reader, however candid and 
competent, would be able to discover from Tyrer’s statement 
of my assumption just what I did assume, to say nothing of 
the grounds for the assumption. vScientific fairness, as well 
as regard for scientific truth, requires that when one unquali¬ 
fiedly rejects a scientific deduction it should at least be fairly 
stated, even if no detailed reasons be given for the rejection; 
for an api)arently fair and oracularly delivered verdict against 
what on the surface seems to be in opposition to accepted 
doctrine, has great weight in preventing fair and discriminating 
investigation. I knew perfectly well that the new point of 
view that I have j)resented would have against it all those 
who were influenced by authority instead of fact, for many 
of the great names in mathematical physics can be cited against 
me without misrepresenting me in what Professor Tyrer calls 
my “untenable assunii)lion/’ or a “fundamental error.” 
But it is not possible to claim as “settled” any scientific 
problem, or question, so long as any opposing fact or evidence 
is ignored. I'wo courses were open to Professor Tyrer, or to 
any other critic interested in scientific truth: (1) vShow that 
the new equation was faulty, or was incorrectly deduced from 
the experimental facts, or, (2) show that the assumption, 
or interpretation, was not warranted by the ecjuation itself, 
but that quite different concluvsions should be drawn from it. 
Failure to do either one of these two things must inevitably 
weaken any objections that may be made to the necessary 
conclusions to which the interpretatioti may lead. 

Of course, an objection, like an assumption, should be 
based on something tangible and evident; accordingly, Pro¬ 
fessor Tyrer proceeds to state at some length his reasons for 
his rejection, but instead of attacking the basis of the assump¬ 
tion he attacked the conclusions to which he assumed it led. 
But, strange to say, he did not correctly apprehend and state 
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the assumptions expressing my interpretation of equation 
A, which was: 

“ The attractive forces which maintain a substance in the free 
liquid phase are just numerically equal to the pressure the same 
substance would exert were it a perfect p,as, at the same tempera¬ 
ture and density.”^ Here the “same substance” is to be under¬ 
stood as chemically the same in both liquid and vapor phases 
and that the film of liquid in contact with the vapor is of the 
same molecular weight and constitution as the vapor. This 
may be true even when the liquid is more or less polymerized, 
or associated. This view of the nature of the equilibrium be¬ 
tween a liquid and its vapor is discussed more fully by me in 
a paper “On the Molecular Constitution of the Free Surfaces 
of Liquids. 

From the preceding remarks it may be gathered that I 
cannot regard any criticism which leaves the integrity of equa¬ 
tion A unimpaired as of very serious consequence, although from 
the. oracular tone in which judgment is pronounced against 
what is stated to be my scientific method, or theory of pro¬ 
cedure, the uninformed might receive the impression that I had 
violated the mandate known as the “Twelfth Commandment” 
which declares: “Thou shall not write about that which thou 
dost not understand.” However, Professor Tyrer points out 
three specific instances in which he charges me with making 
fundamental errors or unjustifiable assumptions, and these 
may be examined and disposed of in detail in order that the 
reader may judge for himself where the “fundamental error” 
lies. He says; 

“Another method of determining the association factors 
of liquids has recently been proposed by Carver. This method 
depends upon the following considerations concerning the 
latent heat of vaporization of a liquid: 

“If L is the latent heat, then 

L = / -f E + H 

where I is work done against molecular attractions, E is ex- 

1 Jour. Phys Chem . i6, 669 (1912). 

* Ibid., 17, 368 (1913). 
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ternal work done and H is heat of dissociation of any as¬ 
sociated molecules which split up as the liquid vaporizes.” 
He then discusses the determination of these separate quanti¬ 
ties, and continues: ‘‘The trouble lies in determining / and 
in this Garver makes a fundamental error.” 

The casual reader of the above excerpts would naturally 
suppose that the “method” referred to was Carver’s, but it 
is Tyrer’s exposition of what he regards as Carver’s error. 
The theoretical considerations presented are Tyrer’s; they 
certainly are not Carver’s, for they cannot be inferred from 
anything that I have written. I care nothing about the value 
of I as distinguished from E and made no effort, or attempt, 
to determine it. Perhaps Tyrer thinks that I ought to, but 
that is where he and 1 differ. On page 678, in the second paper 
criticized, in reply to a supposed criticism I emphasize and 
italicize this very point. “The direction of the action can have 
no influence on the magnitude of the work performed by it. 
vSo far as work is concerned it is immaterial whether it be 
done by a push or a pull or by a combined push and pull.” 
This wording was intended to direct particular attention to 
my claim that it made no difference wdiether the heat of vapor¬ 
ization be attributed to molecular attraction or to external pressure. 
Notwithstanding the above explicit statements he proceeds 
to exhibit / as having been determined by the following 
integral: 


and then remarks: “This assumption is perfectly unjusti¬ 
fiable for several reasons.” In the last statement I most 
heartily concur, even if the integral does not contain a mis¬ 
print (f. c., is corrected); for in either case, if it were true 
my equation could not be true. For, if 7 ^ is a constant in 
the integral it is nonsense to me, and if a variable, then the 
right-hand member represents only a hypothetical part of 
what mine is intended to represent, namely, the work due to 
forces, internal or external or both together. On page 460 of 
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my first paper, under “Theoretical Summary,” my equation 
is given as ^ 

W = I (/> + 'i)dv — ^ V dv 

1 i 

where W is the total work attributable to forces of any char¬ 
acter, p is external, and 7 is the internal forces. For the 
parenthesis, one variable, P, can be substituted. (Query. 
Did Tyrer take P to be a constant?) But I shall waive the 
difference in the above two equations and suppo.se that our 
critic’s objections are directed against the one that I ac¬ 
knowledge to be mine. Professor Tyrer continues: “First, 
because the Boyle pressure of a perfect gas is caused by the 
impact of particles of negligible .size against the walls of the 
containing vessel while the intrinsic pressure in a liquid is 
caused by the impact of particles of comparatively appreci¬ 
able size against each other. The two phenomena are radically 
different.^ The intrinsic pres.surc must be much greater and 
can, in fact, be shown to be much greater than RT/r,,. Sec¬ 
ondly, assuming for the moment that the intrinsic pressure 
is really equal to RT r,,. the expression 


is not equal to the internal heat as Garver supposes, for in 
no case does this agree with facts but gives latent heats much 
too small.” 

This is pure imagination, for I have nowhere supposed 
that that expres.sion should give the internal heat. On the 
contrary, if the R in Tyrer’s equation represents the R/m 
in my equation, where m is determined from the density of 
the saturated vapor; and for the v,, we write v, for the variable 


' The logical reader will please observe that the above statement is made 
by a writer who claims that the molecules of a “normal liquid” are of the same 
weight and character as those of the non-associated vapor. Does he not confuse 
the theoretically deduced law with the experimentally observed law and apply 
the first to gases and the second to liquids? 
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to be integrated, then it should give the value of that portion 
of the total heat, L, that may he attributed to forces,^ The 
remainder of the heat must come from some other source with 
a corresponding change in the internal kinetic energy. For, 
if we know the force function and the displacement produced 
by or against the forces, then we are not permitted to as¬ 
sume forces ad libitum to account for heat effects. The heat 
effects attributable to forces are strictly limited because the 
forces and displacements are strictly limited. Heretofore 
it has been the custom of writers to estimate the forces acting 
during changes in the volumes of fluids from the heat effects 
observable. However, suppose that the force function be¬ 
comes known by the direct observation of a force action; 
then we can determine the quantity of heat which we can 
consistently attribute to forces -the remainder of the heat, 
if any, must of necessity he accounted for othowise. 

If equation A is correctly deduced from the experimental 
facts discussed by Kelvin and Poynting and Thomson, then 
it undoubtedly expresses a law of Nature, and, as such, re¬ 
quires recognition and interpretation in connection with 
related facts even if it does seem to contradict other established 
facts. The equation itself, if correctly deduced from experi¬ 
mental facts, is not an assumption; it is a fact and cannot be 
ignored merely because it does not fit in with other equations 
also regarded as representing facts. Numerous equations 


‘ I find it iiiipossiblf to determine whether I'u is a misprint for v or only 
another vagary among many others If it is a misprint for the variable it 
represents more nearly my proposed integral. In the discussion which follows 
I have supposed Vi^ in the denominator of Tyrer's integral to represent the variable 


V, but I may be mistaken. He may have imagined that when I wrote j Vdv 
2 i 

I meant P f dv. This error, however, is hardly excusable, for P, as written in 

the integral, is an implied function of the variable, not a constant. Also, on 

a later page (465) I integrated the function, and in another place (p 669) wrote 
2 2 


] 1 
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claiming to be experimentally verified may be cited against 
the law of force represented in equation A. However, it 
will be found that in all such cases the law of force is deduced, 
either from heat effects or from some external force effects. 
In equation A alone do we measure the direct effects of molec¬ 
ular attractions. The following confirmation, based on ex¬ 
perimentally ob.served values, is interesting and instructive. 
Consider the following four characteristics of a liquid substance; 
the surface tension 7, the density of the liquid p, the vapor 
pressure w and the vapor density v. The surface film has 
some thickness. Represent it by t. I'hen y/rp is the at¬ 
traction per unit area of the cross-section of the film per 
unit density and o>, <r is the pressure of the vapor per unit 
area per unit density. Call the ratio of these two ratios r. 
Then y/rp -f- = r. But a, the vapor density, being known 

CO RX 

we can find ni for the vapor and write ^ . Solving for 

the intrinsic pressure (or intrinsic attraction) of the liquid, 
we get: 

7 Rm 


= p - r. 

rr m 


B 


Since all the other values in this equation are the same as those 
in equation A it is impossible to avoid the conclusion that 
rr is the same quantity as 2* in equation A; and since r is a 
thickness, r is a length, for rr is exddently an area. It is 
plain that two centimeters of one surface film will have the 
same area of cross-section as one centimeter length of a film 
with two surfaces, or r = i. 

From this equation, are we not entitled to conclude 
that the attraction per unit area of cross-section in a liquid 
film is just numerically equal to the pressure per unit area 
that would be required to give the substance the density 
of the liquid if it were a perfect gas of molecular weight m 
and free from molecular attractions? And is not the equation 
applicable to all pure liquids in which the vapor has the same 
chemical constitution as the film with which it is in contact? 
Again, if the liquid is enclosed and is at a temperature such 
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that the vapor has an appreciable pressure with the two 
phases in equilibrium in the closed space does not the pressure 
of the vapor merely supplement the molecular attraction which 
is insufficient at a temperature that produces the vapor pres¬ 
sure ? 

No doubt Professor Tyrer found it difficult to accept 
my interpretation of P^quation A which antagonizes a very 
prevalent belief in the reality of enormous intrinsic pressures 
in the interior of liquids. Equation A asserts that the at¬ 
traction in liquid films is proportional to the density while 
\'an der Waals’ equation requires that the attraction be 
proportional to the square of the density. Which represents 
the actual truth, or does either? Personal preferences have 
nothing to do with such questions; it is the truth that we 
are seeking. I was not content to accept the new equation 
unquestioningly Init sought information on all sides, and 
only after deriving it in a number of different ways was I 
convinced that it must represent an important truth. I 
am free to confess that until I came across this equation I also 
accepted the prexalent notions regarding immense intrinsic 
pressures in liquids; and until suggested by this equation 
I never thought of applying d’Alembert’s principle to the 
equilil)rium of a drop of free liquid. But when once suggested, 
the conviction was overwhelming that the principles of dy¬ 
namic equilibrium must also apply to equilibrium in fluids. 
vSince the conception of a “normal” liquid involves the same 
“molecule” as found in the vapor, in what wa>s can such 
a liquid, in its interior, differ from a gas of the same density 
and molecular weight ? The reply will be to refer to the great 
“forces” acting. The fact is, however, that the term “force” 
is often used in a very loose and indefinite way to account 
for anything and everything that cannot be accounted for any 
other way. Clearness and exactness, at the expense of a 
little conciseness, would be furthered if the term “force” 
were dropped entirely and the definition were used instead 
of the single word. For, as applied in kinetics, the term force 
should always mean “the rate of change of momentum in 
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the given direction.” If this conception is adhered to, how 
is it possible to realize mentally, or express definitely the 
term “intrinsic pressixre” (force per unit area) in the interior 
of a "normal” liquid conceived of as being made up of dis¬ 
crete, rapidly moving material particles possessing inertia, 
except as the rate of change of momentum normal to a unit 
of area immersed in the liquid? If the molecular masses 
and velocities are the same in both the liquid and vapor 
phases at the same temperature, then the “molecular pres¬ 
sure” in the interior of the liquid will exceed the corresponding 
vapor pressure per unit area in the proportion that the liquid 
density exceeds the vapor density. This conception is in¬ 
cluded in and is consistent with Equation A. 

The above full explanation of my point of view is given 
because Professor Tyrer waves it aside as an “unjustifiable 
assumption” and insists that there is an essential difference 
between gas pressure and intrinsic pressure, for “the two 
phenomena are radically different.” In my judgment, the 
“intrinsic pressure” in the interior of a liquid that is radically 
different from the gas pressure in the interior of a gas is not 
a phenomenon but a conception, and a misconception at 
that. Taking the Newtonian conception, or definition, of 
force given above and remembering that a force as applied 
to a system of freely moving material particles is measured 
by the accelerations of the particles in the direction of the 
force, perhaps Professor Tyrer will be so kind as to explain 
the “two radically different kinds of pressures” (forces per 
unit area) that he claims distinguishes the interior of a liquid 
from the interior of its vapor. Perhaps at the same time he 
may be led to explain how, in a drop of liquid, for instance, 
the accelerations inwards can be greater than the accelerations 
outwards without producing a continual increase in the density 
of the drop of liquid. 

Another objection (page 85) that I can attribute only to 
a complete failure on the objector’s part to comprehend 
what he is criticizing is that “Even if we could discover the 
correct expression for the intrinsic pressure of a liquid * * * * 
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even then we could not employ Carver’s method for the simple 
reason that the force * * * * Js not equal to the attractive 
force when the volume lies in between and 7 ',., for if it were 
so it would be possible for liquid to exist in this intermediate 
slate at the same temperature.” This last statement leads 
me to conclude that the tv previously mentioned is not a 
misprint but re})resents a complete failure on the part of 
Tyrer to comprehend what I meant. At any rate this objec¬ 
tion shows that my point of view was not comprehended or 
its significance grasped, for I have never proposed to find the 
internal heat of vaporization from the intrinsic pressure of 
a liquid, by a process of integration. My integral is designed 
to find the total heat due to forces whether external or internal 
during an isothermal change from a vapor of volume to 
a liquid having a volume 7 V. My division of the total heat 
L is into two parts, W the heat attributable to forces, and 
H the heat attributable to change in the internal kinetic 
energy of the substance. Each of these parts may often with 
advantage be again subdivided. If we know the force func¬ 
tion we can find by integration the part of the total heal 
due to force, whether external or internal. The reason why 
the intermediate stage need not be considered is that we are 
dealing with a force function having a potential. And the 
proof that we are dealing with a potential is found in the fact 
that the energy change must be independent of the path, 
and depend solely upon the initial and final states. All we 
need to know is the force function along some one path. The 
discontinuity mentioned in the objection has no application 
whatever to the integral which 1 proposed, for it is a con¬ 
tinuous and single valued force function of the sum of two 
actions, external pressure and internal attraction, one in¬ 
creasing as the other diminishes. And just as the latent heat 
of vaporization per unit mass is independent of the actual 
mass undergoing change of phase, so the total heat is inde¬ 
pendent of whether the whole mass changes phase all at once 
or gradually. In any case the whole will be equal to the sum 
of the parts. Hence our summation, or integration, need take 
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no account of the rate of change from one phase to the other. 
All that is necessary is that it should apply in some one possible 
way. That is where equation A comes in, for from it we may 
conclude that the only effect of the molecular attraction is to 
diminis h the pressure that would otherwise be necessary. 

It is perfectly possible, ideally, to take any vapor below 
its critical temperature and compress it isothennally and 
reversibly into a liquid having the same temperature as 
the original vapor. Is Professor Tyrer prepared to deny 
that the same quantity of heat would not be given out by all 
possible changes involving the same change in volume of the 
same substance in which the initial and final states and temper¬ 
atures are the same, i. e., whether i.sothermal or not? And 
if the total energy change (heat given out or absorbed) de¬ 
pends only upon the initial and final states of the substance, 
then are we not permitted to choose the simplest path be¬ 
tween the two states ? In the case of isothermal compression 
would not the total heat, L = W, -t- W,- -f- Et + Ek, where 
W, is external and W, internal work, E,, any change in molec¬ 
ular velocity and E, internal energy change due to change 
in the number of molecules, supposing all quantities to be 
measured in the same units ^ In special cases one, or even tw'o 
of these quantities may be zero, but in general, all four are 
possible and are to be reckoned with. In my previous work 
I assumed that Maxwell’s law held, or that E» was zero. 
Professor Tyrer claims that in some cases, at least, E» is not 
zero, CSs for instance. If this be true and is generally es¬ 
tablished, then Ihe surplus heat over what can be attributed 
to forces, will have to be distributed between the two kinds 
of internal change. 

But to return to the main point. Although we cannot 
by a process of integration find the “internal heat of vaporiza¬ 
tion’’ (as Tyrer claims that I tried to do), I do insist that 
equation A and d’Alembert’s principle enable us to find the 
sum of the two quantities W, and W, by a process of integra¬ 
tion. For consider the equation E = W<, -f- W,■ + E» -p E„. 
Between two isothermal states and v,, the quantities L, 
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Er and E« are fixed and definite. We cannot vary them in 
any way; they are constitutional. But the sum, only, of 
Wf and W,- is fixed and definite. Hence, so long as w’e use 
the correct force function for the effect of the sum we may 
imagine either one to be increased or diminished at will and 
use whichever lends itself best to an isothermal process. It 
is plainly evident that in the isothermal compression of a vapor 
to a liquid there would be no liquefaction if there were no molec¬ 
ular attractions; but the heat effect must be independent of 
whether the jorce be an attraction or a compression. We 
are at liberty then to assume at will all attraction or all com¬ 
pression, since the only possible effect of the attraction is to 
diminish the compression that would otherwise be required. 
Since equation A shows that the attraction in a liquid film 
is directly proportional to the density of the liquid, and 
Boyle’s law states that in an ideal gas the pressure is also 
directly proportional to the density, we may, ideally, use the 
compression law in bringing about the isothermal change in 
volume from to z,., and then substitute (ideally, of course) 
an equal attraction for the force of compression. We would, 
then, for temperatures at which the vai)or pressures are negli¬ 
gible, have our liquid in stable equilibrium without the appli¬ 
cation of external force. The attractive film would simply 
replace the retaining walls of the containing vessel because 
the rate of change of momentum normal to the free surface 
of the liquid film due to the attractive forces w^ould be numer¬ 
ically equal to what the rate of change of momentum w^ould 
be normal to the retaining walls if there w^ere no molecular 
attractions. 

Finally, Tyrer calls attention to what he regards as a 
conflict between my proposals and Dieterici’s equation, 
/ — CRT/w zv- It is curious that he did not observe 
a remarkable similarity between them rather than cite one 
against the other. When my papers were published I was un¬ 
acquainted with Dieterici’s equation and Richter’s experi¬ 
mental investigation of it;^ but the similarity mentioned 

’ Inaugural Dissertation, Rostock (1908). 
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may easily be exhibited. From the published values of L/W = 
r it may be seen that my values of r are always somewhat 
higher than Dieterici’s values for C. The reason is evident when 
the two equations are compared. Since L = rW, my equa- 

tion may be written L = T In ", where L is the total heat 

instead of ‘‘internal” heat / as in Dieterici’s. In my equa¬ 
tion, however, r is not supposed to be a constant, but to have 

R 

the value unity for a non-associated liquid. Also, 

is not necessarily the same as the “gas constant R” because 
it is intended to represent the absolute, or hydrogen value 
of “R” divided by the molecular weight of the saturated 
vapor as determined from the density of the saturated vapor. 
It is true that I did not always take sufficient care to use the 
actual instead of the theoretical value of m in my computa¬ 
tions, but except for strongly associated vapors, as acetic 
acid, for instance, this failure did not lead to large errors. 
In the case of acetic acid this was partially corrected and 
special attention called to it. 

In my previous work I assumed Maxwell’s law to hold, 
but the value of r = ^ is really, if the separation previously 

suggested is made, better expressed by r = 

W e “T W i 

K “I" H 

or, r — I = ^ ^ if there are two kinds of internal change, 

as many claim, and as T)a-er claims in the case of CSa and some 
other liquids. Also, in my first paper of the two I called at¬ 
tention to a remarkable relation of the above r to the k of 
Ramsay and Shields for their normal liquids; r is always 
smaller than their k ju.st as it is always larger than Dieterici’s 
“C.” There is evidently some intimate relation between 
the three diverse methods, although the reason why r is larger 
than “C” is perfectly obvious. 

State College 
March, igis 



THE THEORY OF EMULSIFICATION. VII 


BY WILDER D. BANCROFT 

It has been noticed that after a while certain colloidal 
solutions become covered with an apparently solid film. 
Since this film forms at the foam interface, it might be con¬ 
sidered in connection with the adsorption of gases by liquids. 
Experimentally, however, the phenomenon is more akin to 
the emulsion formation and consequently I prefer to con¬ 
sider it as an intermediate case. 

The best experimental work on the subject has been done 
by Metcalf in Ostwald’s laboratory.' When a few drops of 
a peptone solution are allowed to spread over a surface of 
pure water, a solid elastic film forms in a short time on the 
surface of the water. "Siegfried’s experiments'- have made 
it probable that ordinary peptone is a mixture of different 
allied substances rather than a definite chemical compound. 
It was, therefore, desirable to determine whether the forma¬ 
tion of a solid film was dependent on the complex nature of 
peptone or whether a definite chemical compound is able 
to form such a film. I was fortunate enough to secure a 
sample of pepsin-fibrinogen-peptone-a which had the formula 
C21H.14O9. It was prepared by Professor Siegfried and was 
kindly presented to me by Dr. W. Neumann. Both Professor 
Siegfried and Dr. Neumann are convinced that it is a definite 
chemical compound. A 3.2 percent solution of this substance 
was prepared and two drops were placed on the surface of 
pure water. A test with a piece of cork showed that the 
surface was still mobile. A few' more drops were then added, 
whereupon a solid elastic film was formed. On standing 
a few minutes this film disappeared completely and the sur¬ 
face became mobile again. On adding another drop, a solid 
film was formed again but disappeared in time, though more 
slowly than the preceding one. This was repeated several 

^ Metcalf: Zeit phys. Chem., 52, 1 (1905). 

2 Siegfried: Zeit. physiol. Chem., 35, 164 (1902); 38, 259 (1903)- 
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times until at length a permanent film was obtained. This 
was allowed to stand for twenty hours, at the end of which 
time it had increased perceptibly in viscosity. This experi¬ 
ment shows conclusively that the formation of solid films of 
peptone does not depend on peptone being a mixture. 

“The experiment also shows that the solid matter, of 
which the pepsin-fibrinogen-peptone film is formed, is some¬ 
what soluble in water. The film continues to dissolve until 
at least the upper layers of the water phase are saturated with 
the substance which forms the film. The film then becomes 
permanent and even increases in strength with time just as 
do films of ordinary’ ])eptonc. At any rate this is the most 
obvious explanation. This assumption of a slight solubility 
of the material of which the film is formed accounts for the 
probable minimum obser\ed with an ordinary peptone film. 
This explanation is made more probable by the following in¬ 
teresting experiment with a very concentrated peptone solu¬ 
tion. When one drop of such a solution is allow'ed to fall on 
a water surface, it spreads out somewhat on the surface; 
but the greater part of the drop sinks to the bottom of the 
di.sh. Where the solution comes in contact with water there 
is formed an easily visible, white membrane. At first the 
membrane has the form of two discs connected by a vertical 
tube. This soon disappears and no sign of it remains, because 
the peptone has dissohed completely in the water. It seems 
probable that the white membrane is formed of the same 
substance as the ordinary, invisible surface film of peptone. 
If so, a certain solubility of the film substance has been shown." 

Metcalf found that a film formed at a Idw temperature 
is more elastic than one formed at a higher temperature; 
but the two become alike when brought to the same tempera¬ 
ture 1 he properties of the film vary with the time. 

“Immediately after dropping a 0.3% peptome solution 
on a water surface, the latter w'as tested by means of a piece 
of cork. A slight surface viscosity could be detected but no 
elasticity. The water surface in the blank test was very 
mobile. The dishes were covered and left for an hour and a 
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half. The surface viscosity had increased perceptibly in the 
dish containing peptone. Twenty-four hours later a dis¬ 
tinct elasticity could be detected, and this increased per¬ 
ceptibly in the next twenty hours. During this whole time 
the water surface in the blank test remained as mobile as at 
the beginning. The experiment was repeated a number of 
times in substantially the same way and there was always 
an increase of elasticity on standing. Tliis increase often 
took place more or less irregularly but it was always to be 
detected. The film always went through all the stages from 
a very slight viscosity at first to a final distinct elasticity. 
It made no difference whether distilled or tap water were 
used. 

“When one drop of a 0.15^ ^ solution was used instead 
of a solution, no surface viscosity or elasticity could 

be detected either at first or after forty-eight hours. When 
two drops of this solution were taken, an elastic film was ob¬ 
tained at any rate in some cases. With a 0.6^^, solution the 
film was distinctly viscous from the start but not elastic. 
At the end of six hours the surface was distinctly elastic and 
the elasticity had increased appreciably by the end of twenty- 
four hours. vSolutions containing 2.5^0 peptone 

differed from the preceding one only in that the films were 
elastic when first formed. The elasticity of these films in¬ 
creased with time,” 

A series of special experiments led Metcalf to the belief 
that diffusion is practically negligible* under ordinary condi¬ 
tions. On the other hand the following experiment vseems 
to me to .show that some diffusion must take place: “A solid, 
elastic film was formed by bringing several drops of a 2 .sVc 
peptone solution upon a water surface and allowing it to stand 
for 47 hours. Powdered cork was strewui over the surface 
and then about a third of the film removed by means of filter 
paper. Small particles of cork w^hich were left by the filter 
paper were drawn by capillary action to the edge of the film 
and thus made this edge a clearly defined line. The undis- 

^ Zeit. phys. Chem., 52, 25 (1905). 
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turbed portion of the film was just as strong and elastic as 
before, while the free water surface was as mobile as ordinary 
water. After four and one-half hours, the old film was still 
solid, the new surface mobile, and the line separating them 
clearly marked. The position of this boundary line had 
not changed perceptibly. Nineteen hours later the old film 
was still there and the boundary line was as sharp as ever; 
but the new water surface was now covered with a distinctly 
elastic film. The experiment was repeated twice with one drop 
of a 5.3% solution and also with one drop of a 2.'j% solu¬ 
tion. These films were left untouched for 89 hours and then 
a portion removed as described. The result was the same as 
before. 

“A film was prepared by touching the surface of the water 
with a glass rod which had been dropped into a one percent so¬ 
lution. The liquid below the surface was watched carefully; 
but there was no sign of any peptone sinking down. The 
dish was then covered and left for almost four days, after 
which time a distinctly elastic film could be detected. A 
portion of this film was removed with filter paper. The 
edge of the old film moved forward a little over the new water 
surface. This first rapid movement soon came to an end: 
but the film continued to spread slowly over the water for 
about twenty-four hours. At the end of this time, the free 
water surface had become very small; but was still separated 
from the old film by a perfectly distinct boundary line. The 
water surface is, however, covered with a perceptibly elastic 
film. The old film had thus spread to some extent over the 
water surface and a new film had formed over the rest of it. 
There was no sudden spreading of the film over the whole 
water surface as is the case when a film is first formed.” 

Since it had been suggested by Schiitt^ that the film might 
be due to oxidation, Metcalf made some experiments in an 
atmosphere of hydrogen, getting the same results as in air. 
While this is satisfactory as a proof that the film is not an 


Drude’s Ann , 13, 712 (1904). 
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oxidation product, it shows nothing as to whether the presence 
of a gas is essential or not. Metcalf did not consider the possi¬ 
bility of peptone adsorbing air or hydrogen and being floated 
up by it. 

At the end of his paper Metcalf discusses five possible 
hypotheses to account for the formation of a film when a 
solution is allowed to stand, or when a drop of solution is 
allowed to fall on a water surface. The first possibility is that 
the film is due to oxidation. The films that form on molten 
lead or on zinc amalgam are due to this cause; but the experi¬ 
ments with hydrogen exclude it in the case of the peptone 
films. The second hypothesis—due to Marangoni—is that 
no solid film is formed at all and that it is merely a question 
of a lowering of the surface tension with increasing surface 
viscosity. Since ether lowers the surface tension of water 
without increasing its surface viscosity, there is no necessary 
connection between these two phenomena. If there were no 
solid film, the surface tension would keep the smface uniform 
and we could not long have the phenomenon of part of the 
surface being mobile and the other part not. The third 
possibility is that peptone is a mixture of two substances, 
one of which is soluble in water and the other not, the film 
being formed of the insoluble substance. This seems to be 
negatived by the experiment with the peptone which was 
a definite chemical compound. Of course, Metcalf did not 
consider the possibility that the peptone is not soluble to any 
appreciable extent in water. He considered that his 5.3% 
solution, for instance, contained the peptone in true solution, 
whereas now we know that he was dealing with a two phase 
colloidal solution. The hypothesis goes by the board, however, 
if we can show that the film formation can be accounted for 
without postulating a mixture of substances. 

As fourth hypothesis Metcalf suggests that the surface 
film may be a saturated solution. Since a dissolved substance 
concentrates in the surface layer in case it lowers the surface 
tension of the liquid, it is theoretically possible that the sur¬ 
face layer might be saturated when the mass of the solution 
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was not. Metcalf has overlooked the possibility that the 
solubility in the surface layer might be greater than in the mass 
of the liquid, in which case the hypothesis would be untenable. 
He rejects the hypothesis on a different ground. ‘ 

“The separation of a solid phase at the surface of an 
extraordinarily dilute solution is diflScult to account for on 
the basis of this hypothesis alone. The only possible explana¬ 
tion would be that the surface concentration is greater than the 
saturation concentration, for only under these conditions could 
the solid precipitate. Since the surface concentration is kept 
in reversible equilibrium with the concentration in the body 
of the liquid by the surface tension, saturation in the surface 
layer seems very improbable when one is dealing with such 
extraordinarily dilute solutions as were found to give distinct 
films. In the case of pepsin fibrin-peptone-o a perceptibly 
elastic film was obtained with solutions which contained less 
than one ten-thousandth the amount necessary for saturation.- 
In this case the ratio between the concentration in the surface 
and in the body of the liquid must be at least 10,000 : i ac¬ 
cording to the hypothesis. If we consider the molecular 
weight’ of the compound as 514, the molar concentration of 
the solution is about 0.0001 mol per liter. If the law for the 
osmotic pressure of dilute solutions holds in this case, the os¬ 
motic pressure in the body of the solution is about 0.002 at¬ 
mosphere. The osmotic pressure of the saturated solution 
must be at least ten thousand times as much or about 20 
atmospheres. The difference between these two pressures, 
practically 20 atmospheres or 20,000,000 dynes, represents the 
osmotic pre.ssure tending to make the solute diffuse out of 
the surface layer. The total surface energy of water is only 
about 81 ergs per square centimeter. The intensity factor 
of this energy is 81 dynes per square centimeter. It is difficult 
to believe that this can be in equilibrium with an osmotic 

' Metcalf; Zeit. phys Chein., 52, 41 (1905). 

* A saturated solution contains at least 59% substance. In one experi¬ 
ment a solid film was obtained with a 0.0059% solution 

* Zeit. phy,siol. Chcm.. 38, 293 (1903). 
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I'ressure of 20,000,000 dynes per square centimeter. Other 
cases could be cited which are even more extreme.^ 

“It is not to be assumed that this calculation is even 
approximately accurate. It is very probable, however, that 
the two forces, which are in equilibrium according to the 
hypothe.sis, are of quite different orders of magnitude. It 
seems probable also that a solid film forms over the surface 
of a peptone solution long before the surface layer can have 
attained the concentration of a saturated solution.” 

On this statement of facts, Metcalf was quite justified 
in rejecting this hypothesis. The difficulty is that his state¬ 
ment of facts is not correct. There is no evidence that the 
osmotic pressure in a 59V0 peptone solution is of the order of 
20 atmospheres. If we rre dealing with a colloidal solution 
<^he whole of the hypothetical counter-osmotic force dis¬ 
appears. As I shall show, a modification of this hypothesis 
is undoubtedly the correct explanation of the phenomenon. 

Metcalf himself decides in favor of the hypothesis that 
pure peptone changes into an insoluble modification. His 
argument* is based on a theorem by Gibbs. “ If the substances 
in a solution are capable of reacting chemically so as to cause 
a low'ering of the surface tension, there is a tendency for this 
reaction to take place. From another theorem of Gibbs 
it follows that the reaction product which lowers the surface 
tension will tend to concentrate in the surface layer more 
than in the body of the liquid. Such a product of the chemical 
change may be solid or liquid depending on the experimental 
conditions; it may be soluble or insoluble. If it is an insoluble, 
solid substance it will form a solid film. If it is a sparingly 
soluble substance, its formation in the surface layer wdll be 
accompanied by a diffusion into the body of the liquid. If 
the chemical decomposition is irreversible, the equilibrium 


* Kainsden [Proc Roy. Sot-., 72, 158 (1903)1 obtainud solid films with 
some solutions which contained only one-millionth of the solute necessary for 
saturation. The calculation given above was for a solution one hundred times 
as concentrated 

Metcalf' Zeit phys. Chem., 52, 44 (1905) 
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is reached as soon as the solvent is saturated with the film 
substance or the surface layer has become so thick that a 
further increase in its thickness has no effect on the surface 
tension. Under these conditions there will then be no tendency 
for the chemical reaction to run further. ■ Therefore, the forma¬ 
tion of the film substance will cease and the system will 
be in equilibrium. If the chemical process is reversible, 
equilibrium will be reached at some point before the in¬ 
creasing thickness of the film ceases to affect the surface 
tension. In either case equilibrium is reached asym¬ 
ptotically. Whatever is left of the original, soluble substance 
—and also the soluble portion of the film substance—^will 
be distributed between the surface layer and the mass of the 
liquid according to the law of physical equilibrium. The 
solution will be unsaturated for the original solute but saturated 
for the film substance. 

“Let us suppose that the original solution is so dilute 
that it does not form a saturated solution. In this case it is 
probable that no solid film would form. There must, there¬ 
fore, be a minimum concentration for solutions which have 
the power of forming solid films on their surface. All inter¬ 
mediate stages between the two extremes may occur, corre¬ 
sponding to solid films of different thicknesses and strengths. 
The rate of formation of the film at any moment will be the 
resultant of two opposed velocities, the rate of the chemical 
reaction which forms the film substance in the surface, and 
the rate at which this substance dissolves. The rate of the 
chemical reaction depends on at least two factors, the amount 
of the lowering of the surface tension which is the factor causing 
the chemical change, and the concentration of the original 
solute in the surface film. This concentration is dependent 
both on the concentration of the solution and on the rate at 
which the solute can diffuse from below into the surface. 

“The hypothesis seems to account for the observed phe¬ 
nomena in connection with the formation of solid films on 
the surface of concentrated and of dilute solutions. It avoids 
the difficulties which have been pointed out as besetting the 
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other hypotheses. It is easy to account for the formation 
of solid films on the surface of very dilute solutions. The 
only assumption that we have to make is that the solubility 
of the new film substance is extraordinarily small. In that 
case a very small amount will be sufficient to form a saturated 
solution and thus give rise to the conditions essential to the 
existence of a permanent, solid film. 

“The solid films form more or less slowly at the surface 
of the solutions. It may be hours or days before elasticity 
can be detected, the time varying with the nature of the 
substance; the concentration, etc. On the other hand solid 
films form instantaneously when a drop of solution spreads 
out on a surface, always provided the solution is not too dilute. 
Our hypothesis accounts for the tremendous difference in 
the rates of formation of films formed by the two methods. 
Wlien the droi)s of solution come in contact with the water 
surface there are three surface tensions to consider: Water-air, 
solution-air, and solution-water. Since the first of these is 
larger than the resultant of the other two, it acts as a force 
pulling the drops out suddenly to a thin film, whereby the 
surface is increased enormously. Gibbs^ and van der Mens- 
briigghe- have deduced independently that a sudden increase 
of the surface of a liquid lowers the temperature and increases 
the surface tension. This can be shown simply in a qualita¬ 
tive manner. If work is done upon a system, the intensity 
factor of the energy against which the work is directed must 
increase.’^ A force doing work develops in the system a 
resistance to its own action. If work is done against the volume 
energy by compressing a gas, the intensity factor of that en¬ 
ergy, the pressure, increases. If a drop of peptone solution 
is suddenly spread out into a thin film by a force, the surface 
tension of water, work is done against the surface energy. 

’ Thermodyiiamische Studieii, 319- 

2 M 4 m. Acad. Belg., 43, 39 (1878). 

® (He should have .said that it may increase and cannot decrease. If 
the liquid and vapor are compressed, there is no increase of pressure so long as 
any vapor is present —W. D. B. ] 
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Therefore, there must be an increase in the intensity factor 
of this energy, the surface tension. The question as to the 
relative changes in surface tension, temperature, etc., will 
depend on the conditions of the experiment; but they must 
be of such nature as to act against the external force. 

“Devaux’s brilliant experiments on the limit of expan¬ 
sion of such solutions on a pure water surface are an experi¬ 
mental proof for the increase in the surface tension of the drop 
caused by the formation of a film. If the water surface is 
large enough, the drop spreads out rapidly in the form of a 
complete circle to a definite size and then stops. At first 
the resultant of the two surface tensions, solution-air and 
solution-water, is smaller than that of water-air. Therefore, 
the drop is drawn out until the resultant of the two surface 
tensions is equal to that of water-air, when equilibrium is 
reached. While the drop is spreading, an increase in the re¬ 
sultant of the two surface tensions, solution-air and solution- 
water, must take place. These are the surface tensions at the 
surfaces of the film.' 

“We now have theoretical and experimental reasons for 
the assumption that when a drop is drawn out to a film, there 
is a distinct increase in its surface tension— the intensity factor 
of its surface energy—as well as in the surface--the capacity 
factor of the surface energy.- During the formation of the 
film there is a marked and sudden increase in the intensity 
factor and capacity factor, both of which affect the chemical 
action. This, of course, makes itself felt by a more rapid 
chemical change than would occur at the surface under normal 
conditions. We, therefore, expect that the reaction velocity 
will be high at first and will then decrease asymptotically. 
The cause of the chemical action is the force tending to de- 

* It should also be noticed that, with a him of a certain thinness, the 
capillary forces of the water in the film must have some effect on surface tension, 
solution-air. 

* When a gas is compressed, the intensity factor of the volume energy 
increases but the capacity factor decrea,ses. In the present case both intensity 
factor and capacity factor increase. The difference is due to the fact that a rise 
of temperature increases tlic pressure of a gas but decreases the surface tension. 
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crease the surface tension. This force decreases in amount 
as the reaction goes on and as the surface tension becomes 
smaller. 

“Our hypothesis offers an explanation for the previously 
mentioned maximum and minimum of strength. Such a 
maximum and minimum calls for at least two factors acting 
simultaneously. In this case the two factors are the chemical 
reaction which tends to strengthen the film and the dissohdng 
of the film substance, which tends to weaken it. Through 
the simultaneous action of the.se two factors it is easy to follow 
and account for the alternating increase and decrease in 
strength. With a drop of fairly concentrated peptone solution, 
we get solid film at once. Under these experimental condi¬ 
tions, it is probable that the chemical reaction velocity far 
exceeds the rate of solution. There is therefore a rapid in¬ 
crease in strength. After the first rapid change the chemical 
reaction of course goes much slower and it is quite possible 
that for a while the rate of solution might be greater than the 
chemical reaction velocity. This would cause a decrease in 
the strength of the film. If the time necessary for the chemical 
reaction to reach its final equilibrium is greater than that 
necessary to saturate the solution, the film must begin to grow 
again after a certain time. It is easy to draw two asymptotic 
curves whose resultant shows such a maximum and minimum. 
If the solution is very dilute, the first rapid change of the sur¬ 
face tension takes place relatively slowly and we shall expect 
a more gradual development of the film. This explanation 
is purely qualitative; but it is hoped some day to get the neces¬ 
sary data for a quantitative study of the phenomenon. 

“It is worth while to consider another characteristic of 
the film in the light of our hypothesis. It has. been shown 
experimentally that when a thick film is brought in contact 
with a fresh water surface, it does not spread out instan¬ 
taneously over it. The film stretches more or less depending 
on the conditions of the experiment and a new film forms on 
the fresh siuface without masking the boundary line of the 
old film. The surface tension of the fresh surface is evidently 
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greater than that of the surface on which the fihn rests. There¬ 
fore, there is a distinct tendency for the film to spread over 
the new surface, A solid film resists the pull for days without 
any blurring of the boundary line, and the pull ceases finally 
because of the formation of a new film on the fresh surface 
and not because the old film finally spreads over the surface. 
This is a distinct sign that the film acts essentially like a solid 
and not like a liquid; and also that it is partly soluble in water. 
Thermodynamic considerations show clearly that a solid and 
sparingly soluble film must equalize the surface tensions by 
a sort of distillation through the water, which will carry the 
film substance from the old film where the surface tension is 
low to the new surface where the surface tension is higher. 
The continuation of this process cuts down the high surface 
tension and increases the low one; it will continue until equi¬ 
librium is reached and the two surface tensions have become 
equal.” 

I have given Metcalf’s views in his own words because 
this is a very interesting illustration of the way in which a 
man may start from false premises and yet work out a very 
plausible explanation of the phenomena. Metcalf starts 
with the assumption that peptone forms a true .solution and 
consequently he has to account for the film formation by 
postulating that peptone changes into an insoluble modifica¬ 
tion. This at once makes the phenomenon a special one and 
not a general one, which is in itself a defect because a good 
many substances form these films. While it is legitimate to 
postulate in regard to any one substance that it occurs in two 
modifications, a soluble and insoluble one, this becomes 
very unsatisfactory when the assumption has to be made in 
regard to a large number of substances. That, however, is 
a debatable matter. The error in Metcalf’s work lies in the 
assumption—a perfectly proper one at the time he made it— 
that peptone is really soluble to an appreciable extent in water. 
We toow nowadays that peptone forms a colloidal solution 
with water and consequently we do not have to postulate an 
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insoluble modification. All we have to do is to get the peptone 
concentrated in the surface layer. 

There are several ways of looking at the matter and it is 
quite possible that each one of them is partially true. We 
may consider that the colloid adsorbs gas and is floated to 
the surface thereby. McBain has shown* that it is very 
difficult to remove all the air from soap solutions and that 
previous vapor pressure determinations were consequently 
worthless. If the concentrating of the peptone in the sur¬ 
face layer is due to adsorbed gas, no surface film should be 
formed in the absence of air. This experiment was not tried 
by Metcalf. I doubt very much whether a gas adsorption 
is the sole factor in the formation of a solid surface film. 
Nagel* has shown that a solid film forms over a fuchsine solu¬ 
tion even when all air is removed. 

Since the surface of a liquid is in a different state from 
the mass of the liquid, we may consider that we are dealing 
with two liquid layers, the upper one being infinitely thin. 
We might then have the colloidal substance concentrating 
at the dineric interface and coalescing there to a solid film. 
On this hypothesis, the solid film would theoretically be just 
below the surface instead of itself forming the surface; but 
this difference would be very difficult to detect experimentally. 

A third possibility is that a substance with a low sur¬ 
face tension may tend to concentrate in the surface even though 
it be not in true solution. While the Gibbs theorem applies 
only to substances which are actually in solution, there is 
nothing to prevent there being a similar theorem in regard 
to suspended particles. Stark* has called attention to an in¬ 
teresting special case where something of this sort takes place. 

“If one drops some soot into chloroform in a watch- 
glass and covers the latter with a glass plate to prevent evap¬ 
oration of the chloroform, the particles of soot sink because 
of their higher specific weight and collect into little balls at 

' McBain and Taylor: Zeit. phys. Chem., 76, 183 (1911). 

’ Drude’s Ann., api 1035 {1909). 

* Wied. Ann., 65, 288 (1898). 
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the bottom of the watch-glass. At least, this is what happens 
in the dark. If the watch-glass with the chloroform is brought 
into the sunlight, the balls of soot begin to move vertically 
upwards. When they reach the surface, the particles scatter 
suddenly and si^ead themselves uniformly over the surface, 
r emaining thus scattered so long as no shadow falls upon them. 
If a shadow from a knife or a lead pencil, for instance, falls 
upon the chloroform surface which is coated with soot, the 
particles of soot in the shadow and on the edges of it jerk 
together forming a thicker mass in the shaded surface than 
in the illuminated surface. If the optical shadow is made to 
move sufficiently slowly, the soot shadow moves with it. 
If one removes the object which is casting the shadow, the 
soot particles which were in the shadow scatter again instan¬ 
taneously. 

“The three processes of the rising of the soot particles, 
the scattering at the surface, and the concentrating in the 
shadow are not hard to account for. The soot is heated more 
by the silnlight than the transparent chloroform. The liquid 
immediately in contact with the soot is therefore heated more 
than the rest of the chloroform. The chloroform in contact 
with the soot becomes less dense than the rest of the chloro¬ 
form and rises, carrying to the surface with it the soot which 
is only a little denser. Wherever there is a ball of soot the 
heating is correspondingly greater and there is a lowering 
of the surface tension. At the points of higher surface ten¬ 
sion the surface contracts, expanding where the surface ten¬ 
sion is low and, thereby, ripping the ball of soot to pieces. In 
this way the soot is scattered over the surface. If a portion 
of the surface is .shaded, the particles of soot in the shadow 
lose heat by conduction and radiation, while the surface ex¬ 
posed to the sun is heated continually. We have, therefore, 
a colder portion with a higher surface tension bordering on 
a warmer portion with a lower surface tension. The cooler 
surface contracts, carrying with it the particles of soot and 
concentrating them. The force of gravity and the surface 
tension act together both when the particles of soot are scat- 
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tered and when they are .brought together; but the rapidity 
of the action seems to show that the surface tension phenomena 
are the dominating ones.” 

While the difference in density between the soot and the 
chloroform is not great, this is not the important factor be¬ 
cause Quincke^ has observed a somewhat similar action with 
silver in a silvering solution and has accounted for it in ex¬ 
actly the same way, by postulating increased heating of the 
silver particles and consequent decrease of the surface tension 
of the solution in contact with them. 

Once we admit that suspended particles tend to concen¬ 
trate in the surface, Metcalf’s results become quite obvious. 
With very small amounts of peptone, the disintegrating or 
peptonizing action of the mass of the liquid is the predominat¬ 
ing factor and the film disappears. With higher concentra¬ 
tions of peptone, the concentration of the peptone in the 
surface is the important factor and the film gets stronger on 
standing, partly because more peptone is brought up from the 
bottom and partly probably because the coalescence to a 
solid film becomes more perfect with time. Metcalf would 
have adopted this explanation if he had not been frightened 
out of it by the bugbear of an overwhelming osmotic pressure. 
That disappears as soon as we recognize that we are dealing 
with a two-phase sysitem throughout and not with a true 
solution. Once the film is fairly formed, it does not disin¬ 
tegrate readily or rapidly and consequently a fresh film forms 
over half the surface through peptone brought there from the 
mass of the liquid rather than through a spreading of the old 
film though this latter may occur to some extent. 

The peptone solutions differ fundamentally from mercury 
surfaces or surfaces of zinc amalgam which become coated 
with a solid film of oxide when exposed to air.-* On the other 
hand the cases of albumin, ferric acetate, and saponin are 
analogous to that of peptone. Aqueous solutions of fuchsine 

^ Drude's Ann., 7, 89 (1902). 

2 vSchiitt: Ibid., 13, 743 (1904). 
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and of crystal violet have been studied by Rohde’ who found 
that solid surface films were formed widch could easily be 
recognized by their metallic luster. “The surface erf the 
liquid becomes more concentrated, then viscous, and lastly 
solid and brittle, so that finally the solution is covered with 
a film of solid dye. There is nothing to conflict with the as¬ 
sumption that the molecular forces which cause the precipita¬ 
tion of the solid dye are the same which give rise to the sur¬ 
face tensions of liquids.... The strong photoelectric action 
of aqueous solutions of fuchsine and methyl violet is due ex¬ 
clusively to a surface which has aged. Statements as to the 
photoelectric action of these solutions are, therefore, worth¬ 
less unless the degree of ageing is taken into account.” 

NageP has studied the formation of solid films with 
many different solutions. In the case of cobalt chloride 
solution he showed that the film was a cobalt carbonate due 
to ammonium carbonate either in the water or in the air. With 
potassium permanganate solution, the color showed that the 
film was an oxide of manganese, presumably hydrated. With 
iron salts we know that the surface film is due to hydrous ferric 
oxide. Of the solutions studied by Nagel the following gave 
rise to solid surface films on standing; NiCU, Ni(N03)2, CoClj, 
C0SO4, FeCla, FeS04, K4Fe(CN6), MnSO^, MnClj, PblNOs)^, 
AgNOs, KMn04. In all these cases the film was undoubtedly 
an insoluble salt which had been formed by oxidation, hydroly¬ 
sis, or by interaction with some salt in the air or in the water. 

With colloidal silver, Nagel observed a gradual forma¬ 
tion of a silver film. This appears to furnish satisfactory 
evidence that colloidal particles tend to concentrate on the 
surface. In this particular case no experiments were made 
to determine whether a gas adsorption played any part or 
not; but Nagel did show that a soUd film forms over a fuchsine 
solution even when all air is removed. In the case of fuchsine 
solutions, Nagel considered that there had been a change to 
another and insoluble modification; but the proof of this is 

‘ Dnide’s Ann., rp, 935 (1906). 

® Ibid., 29, 1029 (1909), 
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distinctly far from satisfactory. The formation of solid films 
by electrolysis is, of course, not analogous to the formation of 
solid films with peptone and there are still so many obscure 
points in regard to these films’ that it is scarcely worth while 
to discuss them now. 

The general results of this paper are as follows; 

1. The Gibbs theorem in regard to the concentration in 
the surface film of substances which lower the surface tension 
applies only to the substances in true solution. It is probable 
that a similar theorem holds for suspended particles and it 
is probable that this second theorem accounts for some of the 
discrepancies observed when people have tried to apply the 
theorem of Gibbs quantitatively. 

2. Since peptone does not dissolve in water to any ap¬ 
preciable extent, the concentration of peptone in the surface 
film does not give rise to the enormous differences of osmotic 
pressure calculated by Metcalf. 

3. While the presence of adsorbed gases may be a factor 
in causing the formation of a solid film, it is not the sole factor 
and is probably a minor factor in most cases. 

4. The solid film which forms over mercury or over liquid 
zinc amalgams is an oxide. When solid films are formed in 
solutions of ferric salts, the film is undoubtedly hydrous 
ferric oxide. With cobalt chloride solutions the film is a 
carbonate of cobalt formed by the action of ammonium car¬ 
bonate. 

5. There is no reason for postulating the formation of 
a special insoluble modification with peptone. The peptone 
particles concentrate in the surface and coalesce to form a 
solid film. A similar result can be obtained with colloidal 
silver. It is not quite certain to what the solid film is due in 
the case of solutions of fuchsine. 

6. The formation of a solid film at the surface of a liquid 
is an intermediate case between the adsorption of solids at 
a dineric interface and the flotation of solids by adsorbed gases. 

Cornell Universily 

’ Gubkin: Wied. Ann., 3J, 114 (1S87); Myliu$ and Fromm: Ibid., 51, 
593 (1894); Freundlich and Novikow: Zeit. Klektrodiemie, 16, 394 (1910), 
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A Text-Book of Physiological Chemistry. By Olaf Hammarsien with 
the cdtaboreUion of 5. C. Heditt, Seventh English Edition translated from the 
Eighth German Edition by John A. Mendel, xy X £2 cm; pp, viii 4“ xo26. New 
York: John Wiley and Sons, igi4. Price: Cloth $4.00 net .—The subject is treated 
under the headings: general and physico-chemical; the proteins; the carbohy¬ 
drates; animal fats and phosphatides; the blood; chyle, lymph, transudates 
and exudates; the liver; digestion; tissues of the connective substance; the 
muscles, brain and nerves; organs of generation; the milk; the urine; the skin 
and its secretions; respiration and oxidation; metabolism. 

It used to be thought that ferments were living organisms and that enzymes 
were chemical substances which could be separated from the cells and whose 
activity was not dependent on the life of the cell, p. 41. The experiments of 
Buchner have shown that alcoholic fermentation is caused by a special enzyme 
or mixture of enzymes called zymase. There is now no way of differentiating 
sharply between organized ferments and enzymes. "The metabolic processes 
of the living organisms which we recognize as fermentation phenomena must 
as a rule be ascribed to enzymes acting within the cell.” The names enzyme 
and ferment are now generally used in the same sense. 

On p 95, the author says that when proteids are precipitated by salts of 
the heavy metals, the precipitates (often called metallic albuminates) are not 
definite compounds but are rather to be considered as loose adsorption com¬ 
pounds of the proteid with the vsame. On p. 103 is the statement that "a sharp 
line cannot be drawn between the albumins and the globulins from their proper¬ 
ties and this is shown from the researches of Moll, which show that by the action 
of dilute alkalies and warmth upon seralbumin it attains the properties of scr- 
glolmlin. It is evident that we are here dealing with a change of the extenial 
properties of the albumins to a greater similarity to those of the globulins, and 
not with a true transformation of the albumin, which is free from glycocoll, into 
globulin which contains glycocoll.... This is an instructive example of the 
subordinate importance [that] the solubility and precipitation properties have 
in the differentiation of various groups of proteids.” This is confirmed by the 
statement, p. 259, that "a water-soluble globulin can be transformed into a 
globulin insoluble in water by careful purification, and also... .a globulin 
insoluble in water can sometimes be converted into one soluble in water by al¬ 
lowing it to lie in the air. An insoluble protein like casein can also, according 
to Hammarsten, have the solubilities of a globulin due to the contamination 
with the constituents of the serum.” 

The alcoholic fermentation of sugar is accelerated by the addition of diso¬ 
dium phosphate, p. 204, and it is claimed by some that a hexose phosphoric acid 
ester is an intermediate product. There is still much difference of opinion on 
this point and it seems to be a matter which should be taken up by the physical 
chemist. 

The question as to honeycomb structure or sponge structure is a disputed 
one in the case of the blood corpuscles, p. 272. "The blood-corpuscles consist 
principally of two chief constituents, the stroma, which forms the real protoplasm. 
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and the intraglobular contents, whose chief constituent is haemoglobin. We 
cannot state anything positive for the present in regard to a more detailed ar¬ 
rangement. and the views on this subject are somewhat divergent. The two 
following views are more or less related to each other. According to one view 
the blood'Corpuscles*consist of a membrane which encloses a haemoglobin solu¬ 
tion, while the other view considers the stroma as a protopla.smic structure soaked 
with haemoglobin. This latter view is in accord with the assumption as to 
an outside houndar>^-layer. Thus according to Hamburger the stroma forms 
a protoplasmic net in whose meshes there exists a red, fluid or semifluid, mass 
vrhich consists in great measure of haemoglobin. This mass repre.sents the 
water-attracting force of the blood-corpuscles, and besides this it is also con¬ 
sidered that the outer protoplasmic boundar>^ is semi-permeable ...The 
researches of K()ppe, Albrecht, Pascucci, Rywosch. and others indicate the pres¬ 
ence of a special envelope or boundary layer, and there is no doubt that the outer 
layer contains so-called lipoids, such as cholesterin, lecithin, and similar bodies 

On p. 486 the author di.scusses the question why the stomach doe.s not di¬ 
gest itself during life but without coming to any definite conclusion On p. 
5,‘)8 he gives data as to the composition of the teeth and then says* "According 
to Gassniann, the teeth among themselves have different compo.sition, and in 
man the wi.sdom teeth are poorer in organic substance and richer in lime than the 
canine teeth. The great tendency of the first to caries is ])robably explained 
by this fact. The reason for the degeneration of the teeth is considered )>y C. 
R6.se to be a lack of earthy .salts, and according to him one find.s the best teeth 
in localities where the drinking water has high permanent hardness." If this 
is correct we apparently have to ch(x>se between hardening of the arteries and 
softening of the teeth 

Those who have read Kipling’s " At the Knd of the Passage " will be interested 
in the paragraph on p 616 in regard to \isual purple, the pigment of tlic rexis 
in the retina "As the visual purple is easily destroyed b\ light, it must, there¬ 
fore, also lie regenerated during life. Kuhne has also found that the retina of 
the eye of the frog becomes bleached when exposed for a long time to strong 
sunlight and that its color gradually returns when the animal is placed in the dark 
This regeneration of the visual purple is a function of the living cells in the layer 
of the pigment epithelium of the retina. This may be inferred from the fact 
that a detached piece of the retina which has been bleached by light miiy have 
its visual purple restored if it is carefully laid on the choroid having layers of 
the pigment-epithelium attached The regeneration has, it seems, nothing to 
do with the dark pigment, the melanin or fucsin, in the epithelium cells. A 
partial regeneration seems, according to Kuhne, to be possible in the retina 
which has been completely removed On account of this i)roperty of the visual 
purple of being bleached by light during life we may, as Kiihne has shown, 
under special conditions and by observing special precautions, obtain after 
death, by the action of intense light or more continuous light, the picture of 
bright objects, such as windows and the like—so-called optograms " 

On p. 873 there is an interesting paragraph on oxidases. "Irrespective 
of whether the division of the oxidation enzymes into oxygei^ascs and peroxidases 
can be carried out in all cases, there arc various oxidation processes, whose 
occurrence by a combination of oxygenase (or peroxide) with peroxidase (or 
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metallic salt) can be explained only with difficulty. According to Bertrand’s 
view the action of plant oxidation enzymes is connected with their manganese 
content. Nevertheless Bach has been able to prepare enzymes from plants which 
were entirely free from iron as well as manganese salts. Starting from Ber¬ 
trand’s viewpoint, Trillat has prepared solutions of mangane.se salts, alkali and 
colloidal sut^tances, which acted like oxidizing enzymes. Dony-H6nault has 
prepared artificial * oxidases’ from a faintly alkaline solution of gum treated 
with a solution of manganese salt. According to Euler and Bolin the salts of 
certain organic acids have the ability of setting the oxidation power of 
manganese salts free. Similar observations have been made by Wolff. In the 
oxidation of auto-oxidisable substances the presence of extremely small amounts 
of iron salts may be of advantage, for example with the lecithins as well as in 
the oxidation of certain thio-compounds.” 

One may congratulate the translator on his diligence and on the promptness 
with which he has brought out the new edition; but the actual translation might 
easily have been done better. Wilder D. Bancroft 

An Introduction to the Study of Physical Metallurgy. By Walter Rosen- 
hain. 14 X 22 cm; pp. xxii 4" York: D. Van Nostrand Co , 1914, 

Price: $J.S0. —In the preface the author says: “The present volume is in¬ 
tended to serve as an introduction to the subject of Physical Metallurgy for 
those who are interested in the physics and physical chemistry of metals, whether 
as scientific investigators, manufacturers or users of metals, or students of 
metallurgy, engineering and allied subjects in which a knowledge of metal.s 
plays an important part. The volume also serves as an introduction to the 
Metallurgical Series which is in course of publication by Messrs. Constable 
under the editorship of the author. In the various volumes of this series will 
be found that more detailed treatment of many of the principal subjects touched 
upon in this book which is required by those particularly interested in any one 
metal or alloy or in some special a.spect of the subject. With these more de¬ 
tailed volumes in view, the treatment of the whole subject in the present work 
has been intentionally kept somewhat general, the object of the author being to 
awaken interest and to stimulate thought and ideas rather than to communicate 
a great mass of detailed data,” 

The book is divided into two parts. Under the general heading of the 
structure and constitution of metals and alloys, the- chapters are entitled: the 
microscopic examination of metals; the metallurgical microscope; the micro- 
structure of pure metals and of alloys; the thermal study of metals and alloys; 
the constitutional diagram and the physical properties of alloys; typical alloy 
systems; the iron-carbon system. The second part of the book deals with the 
properties of metals as related to their structure and constitution, the chapters 
being entitled: the mechanical testing of metals; the effect of strain on the 
structure of metals; the thermal treatment of metals; the mechanical treat¬ 
ment of metals including casting; defects and failures in metals and alloys. 

The following quotations from pp 70, 249, 255, 329 are very interesting in 
themselves and give a fair idea of the general style of the book, 

“Apart from the mere size of the crystals which result from gradual solidi¬ 
fication, the rate of crystallization and the precise manner in which it occurs 
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has a very important effect on the mechanical properties of the metal. This is 
due to an effect which occurs at the boundaries of the crystals forming the mass 
of the metal, and arises from the greater or less degree of mutual interpenetra¬ 
tion of the dendritic arms or branches which shoot out from the centers of crys¬ 
tallization in the early stages of the process .The extent to which this 
interpenetration occurs depends upon both the rate and the mode of crystalliza¬ 
tion, and the strength of the metal and its power to resist external forces which 
tend to tear the crystals apart from one another will in turn depend upon the ex¬ 
tent to which adjacent crystals arc locked together by the mechanism of such 
interpenetration. Where there is much ‘interlocking’ the boundary surface of 
the adjacent crystals will not be straight and smooth, but serrated and indented, 
thus providing the metal with a much greater length of junction surface and with 
the additional strength which appears to reside in these junctions ” 

“Having freely availed ourselves of the conception of ‘amorphous’ metal, 
it may be well to state preci.sely what is understood in this connection by the 
term 'amorphous.' In accordance with Beilhy’s views and their recent develop¬ 
ment by the author and his collaborators, the amorphous condition is one in 
which the cry.stalline arrangement of the molecules is completely broken up, 
so that the molecules remain in a state of irregular arrangement similar to that 
which is supposed to exist in the liquid state In fact, the ‘amorphous phase' 
IS regarded as being—from the point of view of the phase doctrine—identical with 
the liquid phase Now extremely under-cooled liquids are well known in such 
substances as glass, vitreous silica, etc, and they are hard, brittle bodies devoid 
of plasticity and of crystalline structure. Amorphous metal is, therefore, to 
be regarded as being identical in nature with the liquid metal if that could be 
cooled down to the ordinary temperature without undergoing crystallization 
It is admitted that such extreme under cooling of metals has never been actually 
accomplished, and objections to the whole concept of amorphous metal have 
l)eeii based on that ground. These cannot be discussed here, but they have been 
fully dealt with by the author elsew'here. At the present moment it may well 
be claimed that the theory of an amorphous phase in metals, produced as the 
result of mechanical disruiitiou of the crystalline arrangement of the molecules, 
holds the field as the best working hypothesis available. There are admittedly 
outstanding difficulties, but these the author regards as being inevitable in a 
theory whose wide generalizations cover a field which has as yet been but partially 
explored.” 

“While it cannot be claimed that all the intricate phenomena connected 
with the failure of metals under \ibratory or alternating stresses have been 
fully and finally explained, the methods of Physical Metallurgy have so far eluci¬ 
dated the problem that a clear insight into the mechani.sra of failure under the 
simpler forms of alteniating stre.ss has been gained. The myth that metals 
‘become crystalline’ under the influence of vibration has been finally dissipated 
by the demonstration of the manner in which the yielding of crystals by slip 
can lead to failure under alternating loads. Indeed microscopic study has shown 
very conclUvSively that, so far as iron or steel is concerned, no perceptible change 
of crystaUinc stfuctwe or arrangement ever occurs at the ordinary temperature. 
Quite recently. Garland has shown, by means of micro-sections of specimens of 
non-ferrous metal and alloys taken from ancient Egyptian tombs, that the meta- 
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stable cored structures of cast solid solutions, as well as the distorted crystals 
produced by cold work, persist unchanged through periods thousands of 
years. The author’s examination of some specimens of ancient iron from 
Adam’s Peak in Ceylon, and similar studies by Sir Robert Hadheld have shown 
that in pieces of iron probably over 4000 years old the structure is exactly the 
same as in iron that had been made yesterday. It is well, therefore, that the 
modem explanation of ‘fatigue’ phenomena rests on something much more se¬ 
cure than the unfounded supposition that vibration can cause change of crys¬ 
talline structure in a metal so far removed from its softening temperature as 
iron or steel or even brass or bronze.” 

“The ancient iron of India and Ceylon is sometimes quoted as an example 
of practically incorrodible metal, but the permanence of the Delhi column and 
of the iron chains fastened, thousands of years ago, on the steep pilgrim’s paths 
on Adam’s Peak in Ceylon, must be due to some special cause, since samples of 
this iron, which have come into the author’s hands, have rusted freely on the 
surfaces exposed by cutting them up. The inference is that these irons are not 
really incorrodible, but were originally covered with a really effective protective 
coating. Although a definite proof has not been given so far, it seems probable, 
from the author’s observations, that this protective coating was simply a coating 
of cinder or slag derived from the cmde manufacturing process employed. In 
any case it is evident that, even if the purest possible iron really proves to be 
incorrodible, its use would be limited by its softness and weakne.ss as compared 
with the better grades of steel.” Wilder D Bancroft 

Die Chemie der hydraulischen Bindemittel. By Hans Kuhl and Walter 
Kncthe. 17 X 24 cm; pp. xvi -f J47, Leipzig: S. Hirzef 191$ Price: 24 marks, 
bound. —Through the work of Rankin at the Geophysical Laboratory and of 
Klein and Phillips at tlie Bureau of Standards, the general facts as to the consti¬ 
tution and hydration of Portland cement are now pretty well established. If 
we worked with piue lime, silica and alumina, and if equilibrium were reached. 
Portland cement would be a mixture of tricalcium silicate, ^-dicalcium silicate, 
and tricalcium aluminate. Since equilibrium is not reached, the mixture con¬ 
tains some free lime and some dicalcium aluminate. All of these are definite 
compounds with the possible exception of jti-dicalcium silicate which apparently 
can vary slightly in composition. Magnesia can replace up to ten molecular 
percents of the lime in tricalciura aluminate and up to six molecular percents of 
the lime in tricalcium aluminate and up to six molecular percents of the lime in 
dicalcium silicate. It is probable that magnesia can also replace some of the 
lime in tricalcium silicate; but the limits, if any, are not known definitely. We 
do known, however, that magnesia may be present up to 7.5 percent (not molecular 
percentages) in Portland cement without any new phase appearing. Iron is 
probably present always as tricalciuxn ferrite, while sulphur occurs as calcium 
sulphate or sulpho-aluminate. Tricalcium aluminate sets rapidly to a hydrated 
tricalcium aluminate and dicalcium aluminate to hydrated tricalcium aluminate 
and free alumina. Tricalcium silicate sets to dicalcium silicate and lime, while 
dicalcium silicate changes direct to a hydrated salt. Pure dicalcium silicate 
hydrates extraordinarily slowly, but the rate is increased very much by the 
presence of aluminates, a fact for which we have no explanation as yet. It is 
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not known what becomes of the magnesia during the setting of Portland cement. 

Klein and Phillips say: “The hydration of cements is thus brought about 
by the formation of amorphous hydrated tricalcium aluminate with or without 
amorphous alumina, the aluminate later crystallizing. At the same time sulpho- 
aluminate crystals are formed, and low-burned or finely ground lime is hydrated 
The formation of the above comix>tmds begins within a short time after the ce¬ 
ment is gauged. The next compound to react is tricalcium silicate. Its hy¬ 
dration may begin within 24 hours and it is generally completed within 7 days 
Between 7 and 28 days the amorphous aluminate commences to crystallize and 
^-orthosilicatc begins to hydrate. Although the latter is the chief constitu¬ 
ent of the American Portland cements, it is the least reactive compound. The 
early strength (24 hours) of t'ements is probably due to the hydration of free 
lime and the aluminates. The increase in strength between 24 hours and 7 
days depends upon the hydration of tricalcium silicate, although the further 
hydration of aluminates may contribute somewhat. The increase between 
7 and 28 days is due to the hydration of /S-calcium orthosilicate, but here are 
encountered opposing forces, in the hydration of any high-burned free lime pres¬ 
ent and in the crystallization of the aluminate. It is to this hydration that is 
due the falling off in strength between 7 and 28 days of very high-burned, high- 
limed cements, whereas the decrease shown by the high alumina cements is due 
to the crystallization of the ahimnuite Finally, the iron in the cement is re¬ 
sistive to hydration and docs not fonn any definite crystalline hydration pro¬ 
ducts, but occurs as a rust-like material “ 

I'he book by Khhl and Knothe was written too soon to include the work of 
Klein and Phillips or the final paper by Rankin, hut it gives a very satisfactory 
account of our knowledge up to the beginning of 1914 The authors give various 
classifications of eeinenls and then discus.s the v'arious raw materials The second 
section is devoted to unsintcred hydraulic cements. Under this head come liy- 
diaulic lime‘s and Roman cements, this latter being the European term for what 
we call Rosendale cement or natural cements. The third and fourth sections 
dt‘al with the theory and practice of sintered hydraulic cements, meaning Port¬ 
land cement thereby The fifth section is devoted to cements made out of 
latent hydraulic substances, meaning thereby pozzolan cements, cemenls from 
blast furnace slags, etc The authors say, p ,^07, that “making pure Portland 
cement out of blast furnace slag will pay only under exceptional conditions. 
The natural raw materials needed for making Portland cement are usually chea^KT 
than the slag which takes the place of the clay.” While this statement may be 
true, it is misleading so far as the Ignited Slates is concerned because the V. S. 
Steel Corporation is making true Portland cement from slag more cheaply than 
anybody else can make it from cement rock. The pages on the- granulation of 
slag are a little confusing. One might easily get the erroneous impression that 
air granulation is more important technically than water granulation. 

Wilder D. Bancroft 

The Metallurgy of Non-Ferrous Metals* By WUliam Gowhnd. 22 X 17 
cm; pp, xxuii -b 4q 6. Philadelphia: J, B. hippincott Company, IQ14. —The 
preface states that “an effort has been made to supply students and metal¬ 
lurgists with a concise treatise dealing with the principles on which the various 
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pfocesises which concern the non-ferrohs metals are based, and the manner in 
which the processes are carried out in typical modem works. 

*'The general plan followed is to consider under the name of each metal 
(i) its physical and chemical properties; (2) the alloy of which it is the chief 
constituent; (3) the composition and applications of commercial brands, and the 
effects of substances which interfere with those applications; (4) the chief ores 
and the processes by which the metal is extracted from them or other sources, 
and refined or made suitable for industrial or other purposes; (5) the principles 
and conditions on which the success of these processes depend; (6) the furnace 
and appliances employed in the processes, and the chemical changes and reactions 
which occur in the operations; (7) examples of actual practice followed at the 
present time in important extraction works 

“The aim of the book is not only to help the student, but the author has 
also in view a wider circle than those merely who are going through a course 
of metallurgical training, and hopes that others who are actually engaged in 
practical work may find its pages worth consulting/' 

The book is the work of a man who combines sound knowledge of theory and 
a wide practical experience, and shows it, in that equal prominence is given to 
the chemical principles involved in any process, to the constructional details 
of the apparatus used, and to the rough shop tests by which the workmen control 
the operation. 

Processes which have failed are mentioned only to show why they failed 
The book is not a history of metallurgy, but is chiefly concerned with the practice 
of 1913 or later. 

Detailed accounts of metallurgical practice all over the world are gix en, 
for instance, in the section on lead, the practice in Wales, Ttah, New Jersey, 
Russia, Mexico, British Columbia, Greece, Spain, France, Germany, and New 
South Wales is discussed. In general the author makes it pretty clear what 
variation in conditions makes the method used the cheapest for that particular 
locality. 

The headings of the sections are: refractory materials; roasting; fluxes 
and slags; copper; lead; gold; silver; platinum; mercury; zinc; cadmium; tin; 
nickel; cobalt; antimony; arsenic; bismuth; aluminum. There is a good index 
and many authorities arc cited both in the body and the footnotes, although 
the references are not so full as in Hofman's recent “General Metallurgy “ 
This is compensated for by the cosmopolitan nature of the book and by many 
paragraphs reading “In the author’s experience” so-and-so is the case. If 
more of the professors who write our text and reference books had the practical 
experience in their particular line that Gowland has had in his, added to their 
theoretical kno>yledge, we would have more books of the same high grade as this, 
which is worthy to stand beside Hofman's on shelves within easy reach of the 
metallurgist’s desk That the book is a valuable reference work does not make 
it any tlie worse as a text-book. H, W. GUlett 
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I. Introduction 

1. The Ammonia System of - Acids, Bases and Salts. —In 
two important papers,* Franklin has developed in detail an 
ammonia system of acids, bases and salts. He has called 
attention to the fact that the’acid amides, the metallic amides 
and the metallic derivatives of the add amides are formally 
related to ammonia as the familiar oxygen adds, bases and 

^ The author’s thesis presented to the Department of Chemistry of the 
Eeland Stanford Junior University in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

* Jour. Am. Chem. Soc., 37, 8 ao (1905); Am. Chem. Jour., 47, 285 (19*2). 
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salts are related to water and he has shown that these substaiKXS 
actually exhibit in liquid ammonia the distinctive fn-operties 
of acids, bases and salts respectively. Add amides in liquid 
ammonia solution show an add reaction toward phenolph* 
phthalein; they react with certain metals with the evolu* 
tion of hydrogen and with metallic amides, imides and nitrides 
in a manner strictly analogous to the action of aqueous solu¬ 
tions of oxygen adds on metals, metallic hydroxides and 
oxides. 

2. Amphoteric Metallic Amides ,—A ftuther analogy be¬ 
tween the ammonia and water systems is found in the ampho¬ 
teric behavior of certain metallic amides which recalls the 
familiar behavior of zinc, lead and aluminum hydroxides 
towards adds and strong bases. Fitzgerald* and Franklin* 
have shown that just as zinc hydroxide dissolves in aqueous 
solutions of potassium hydroxide to form potassium (aquo) 
zincate in accordance with the equation, 

Zn(OH)j + 2KOH = Zn(OK)* -f- 2 H» 0 , 
so zinc amide is converted into an ammonozincate of potas¬ 
sium by the action of a liquid ammonia solution of potas¬ 
sium amide on zinc amide as represented by the equation, 
Zn(NH*)2 + 2KNH2 = Zn(NHK)a -f 2NH,. 

An ammonoplumbite of potassitun* corresponding to the aquo 
plumbite of potassium has also been prepared. 

It has been further found in this laboratory that potas¬ 
sium amide in liquid ammonia solution reacts with cuprous 
imide to form an ammonocuprite,^ with thallium nitride to 
form an ammonothaUite® and' with magnedum mnide to form 
an ammonomagnesate,® three compotmds of the ammonia 
system whose aquo analogs are tmknown. 

3. Object of this Investigation .—The work here described 

• Jour. Am. Chem. Soc., 39, 660 (1907). 

• Ibid., 39, 1274 (1907). 

■’ Jour. Phys. Chem., 15, 509 (1911). 

• Jour. Am. Chem. Soc., 34, 1501 (1912). 

‘ Jour. Phys. Chem., 16, 682 (1912). 

• Jour. Am. Chem. Soc., 35, 1455 (i9»3). 
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was undertaken for the purpose of stud3dng the action of 
liquid ammonia solutions of potassium amide on certain 
salts of cadmium, nickel and chromium with the object in 
view of adding several new metallic amides, imides or nitrides 
to the limited number of such compounds already known, and 
to determine whether cadmium, nickel and chromium com¬ 
pounds similar to the ammonozincate mentioned above might 
be prepared. 

II. Manipulation of Liquid Ammonia Solutions and De¬ 
scription of Apparatus Used 

Since liquid ammonia has a low boiling point, special 
forms of apparatus must be used to control the high pressures 
which result at ordinary temperatures. A brief description 
of the apparatus and manipulation follows: 

A reaction tube of the form shown in Fig. i is connected 
with a cylinder of liquid ammonia by means of a lead tube (e) 
and a sealing wax joint (c). The reaction tube is thoroughly 
dried by heating while a stream of ammonia gas passes through 
first one branch and then the other. While the gas is still 
flowing, (a) is corked and the required amount of potassium 
is inserted at (6) by cutting off portions of the potassium tube^ 
previously prepared and calibrated. A small amount of 
platinum black is dried and added, after which the cork is 
transferred from (a) to (6) and the small tube is sealed off 

* In order to purify the potassium which is employed in these reactions 
a glass tube (W), Kig. 2, about two centimeters in diameter is drawn down and 
welded to a long tube having a diameto* which will permit its introduction into 
the reaction tube. The slender tube is fused shut at (0) and a loosely fitting 
glass plug is introduced at (rf), nearly closing the opening. Pieces of potassium 
are removed from the oil in which they are kept, dried between pieces of ab¬ 
sorption paper and dropped into the large tube. Enough is added to fill the 
slender tube when molten. A one-hole rubber stopper provided with a piece 
of glass tubing closes the opening at (b) and the apparatus Is connected to a 
suction pump by means of heavy walled tubing. After a good vacuum has been 
produced the apparatus is heated from (a) to (b) until the potassium is molten. 
Air is allowed to enter at (b) whereby the pure liquid metal is forced into the 
slender tube, impurities having been caught by the plug at (d). The tube 
(od) is removed and calibrated by weighing a measured length before and after 
dissolving the potassium in alcohol. 
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as illustrated at (6), Fig. 3. The gas pressure necessary to 
give the seal a roiuided end of uniform thickness is obtained 
by momentarily closing the opehing at (a) with the fitter 
while the glass is soft. A slender glass tube containing the 
metallic salt which is to react with potassium amide is now 




introduced through (a) and its contents forced into the main 
apparatus with the aid of a fairly snugly fitting glass rod. 
The opening (o) is then corked at the same time as the key 
of the stopcock is removed. The leg (a) is sealed off and 
blown into shape by carefully placing a finger and thumb over 
the <q»enings left by the removal of the stopper after which 
the latter is replaced. 
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By placing the reaction tube (Fig. 3) in ice water and 
opening the valve of the cylinder, ammonia distils over and 
condenses in both legs. When the liquid first comes in con¬ 
tact with the potassium a bright orange or fiery red color is 
produced which gives place to a deep blue solution with greater 
dilution. A rapid evolution of hydrogen gas occtu-s in ac¬ 
cordance with the equation; 

2K + 2NH3 = 2KNHs -f H* 

The platinum black greatly increases the speed of the reaction, 
reducing the time required for completion from weeks or 
months down to a half hour or less depending on the amount 
and efiiciency of catalyzer used. When the reaction is com¬ 
plete the solution possesses a transparent, pale yellow ap¬ 
pearance. 

Upon pouring the potassium amide solution into the 
solution of the metallic salt, the action between the amide 
and the salt may be observed. If the product is relatively 
insoluble it may be obtained free from other compounds 
formed in the reaction by repeated washing with pure liquid 
ammonia. This is accomplished by placing the leg (a), 
Fig. 3, in ice water while (b) is immersed in tepid water. 
Pine ammonia distils over and after stirring and allowing the 
precipitate to subside the supernatant liquid is decanted back 
into (b). Three or four washings are sufficient for a crystalline 
product, but it is often necessary to repeat the operation 
fifteen to twenty times when a flocculent substance is being 
washed. 

After the precipitate has been thoroughly washed in this 
manner the stopcock is opened slightly to allow the am¬ 
monia to slowly escape. When no more gas escapes the ap¬ 
paratus is connected to the ammonia reservoir by means of 
a “T” tube. Fig. 4, and a slow flow of gas is started to pre¬ 
vent any air finding its way into the reaction tube. The stop¬ 
cock is now opened wide and the leg containing the washings 
is sealed off at its upper end. The other leg which contains 
the product is evacuated and weighed. By placing the nozzle 
of the stopcock beneath the surface of the solvent to be used 
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and opening the stopper, liquid is drawn in. With the aid 
of the appsffatus shown in Fig. 5 the solution of the compound 
is drawn into the flask (o). The reservoir (6) is employed 
for safety. 

The solution is now removed to a odibrated flask and 
later divided into any desired number of aliquot parts, while 
the tube is washed first with alcohol, then with ether and 
finally evacuated and weighed. The difference between the 
two weighings of this tube is, of course, equal to the weight 
of the compound. 

III. Aetion of Potassium Amide on Cadmium Salts 

I. Potassium Ammonocadmiate, Cd{NHK)^. 2 NHi. —Con¬ 
sidering the fact that cadmium hydroxide is not known to 
possess amphoteric properties it was somewhat of a surprise 
to find that a compound represented by the above formula, 
instead of the amide, imide or nitride, results from the treat¬ 
ment of a soluble salt of cadmium with an excess of potas¬ 
sium amide in liquid ammonia solution. The behavior of 
cadmium was found to follow that of zinc in this respect. 

Cadmium iodide with ammonia of crystallization, 
Cdl2.4NH(, is almost insoluble in liquid ammonia, but when 
crystals of this substance are brought into contact with an 
excess of potassimn amide solution they are gradually re¬ 
placed by a light, flocculent mass which subsides very slowly 
and incompletely. After washing this substance thoroughly 
to remove the soluble potassium iodide formed in the reaction, 
it is dissolved in dilute hydrochloric acid and removed from 
the tube in the matmer described earlier in this paper. 

In the preparation of Samples I, II and III, cadmium iodide 
was used. For preparing Sample IV potassium cyanocad- 
miate, on account of its ready solubility, was substituted 
for cadmitun iodide. When treated with an excess of potas¬ 
sium amide, the double cyanide yields a white precipitate 
closely resembling that obtained with the use of cadmium 
iodide. All the preparations were heated to 50° in vacuo 
before removal from the preparation tube for anal3rsi8. 

Analytical results; 
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I. One-fourth of the specimen which weighed 0.4070 
g gave 0.0455 g Cd by electrolysis. One-half gave 0.0442 
gN. 

II. One-fourth of 0.2221 g of substance gave 0.0455 g 
CdS04; another fourth gave 0.0118 g N; and one-half gave 
0.0769 g K2SO4. 

III. One-half of 0.2978 g of substance gave 0.1230 g 
CMSO4 and o. 1038 g K2SO4. One-fourth gave 0.0161 g N. 

rv. One-half of 0.2841 g of substance gave 0.1193 g 
CdS04 and 0.0959 g K2SO4. One-half gave 0.0305 g N. 



Calculated for i 


Cd(NHK)2.2NH, 1 


; II 
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44*5 
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The results of these analyses thus show the empirical 
formula of the compound to be CdN4H8K2. The compound 
may be represented by the formulas: Cd(NHK)2.2NH3, 
Cd(NH2)2..2KNH2, or, after Werner, Cd(NH*)4K2. The re¬ 
actions involved are represented by the equations; 

Cdls -f 4KNH* = Cd(NHK)2.2NH, + 2KI 
K2Cd(CN)4 + 4KNH2 = Cd(NHK)2.2NH, + 4KCN 

Potassium ammonocadmiate has been obtained as a white, 
flocculent material which turns somewhat gray under the 
influence of light. It is insoluble in liquid ammonia and shows 
no tendency to assume a crystalline form as does potassium 
ammonozincate. When brought into contact with water it 
reacts with the generation of considerable heat and the forma¬ 
tion of ammonia, potassium hydroxide and cadmium hydroxide 
as represented by the equation: 

Cd(NHK)2.2NH, -f- 4H2O = Cd(OH), -f 2KOH + 4NH, 

2. Cadmium Amide, Cd{NHa)a. —^When either cadmium 
sulfocyanate or potassium cyanocadmiate in solution in liquid 
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ammonia is treated with potassium amide in an amount not 
exceeding one equivalent, a white precipitate forms which 
settles rather rapidly. After prolonged washing by decanta¬ 
tion it begins to disperse throughout the liquid in a colloidal 
condition. This tendency is probably due to the fact that 
the concentration of the electrolyte has been reduced almost 
to zero by the washing process. 

Three of the specimens of cadmium amide analyzed were 
prepared from cadmium sulfocyanate. Sample IV was ob¬ 
tained by the action of potassium amide on potassium cyano- 
cadmiate. Both of these cadmium salts are abtmdantly 
soluble in liquid ammonia. The preparations were heated 
in vacuo to 80° and then dissolved in dilute hydrochloric 
acid preparatory to analysis. 

Analytical results: 

I. One-fourth of 0.7520 g of substance gave 0.2728 g 
CdS04 and another fourth gave 0.0337 g N. 

II. One-half of 0.1365 g gave 0.1004 g CdS04. The other 
half gave 0.0124 g N. 

III. One-half of 0.1232 g of substance gave 0.0113 g N 
and the other half gave 0.4910 g Cd by electrolysis. 

IV. One-half of 0.3536 g. gave 0.2549 g CdS04. The other 
half gave 0.0323 g N. 



Calculated for 
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Cd(NH,)s 
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It, therefore, appears that cadmium aimde is formed 
by the action of potassium amide on a solution of a salt of 
cadmium in accordance with reactions represented by the 
equations: 

Cd(CN)4K2 -f 2KNH, = Cd(NHj)s -|- 4KCN 
Cd(SCN)j -I- 2KNH2 « Cd(NHj), -|- 2KSCN 
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The fact that nitrogen in the above samples runs distinctly 
low while cadmium ^ows a tendency to run high suggests 
that a small amount of cadmium imide or cadmium nitride 
may have been present in each specimen. 

When the dry amide of cadmium is exposed to moist air 
it immediately assumes an orange color which gradually fades 
to the snow white of cadmium hydroxide. The yellow ap¬ 
pearance may be due to the initial formation of cadmium 
oxide or possibly of a mixed base of the formula HO—Cd—NHa. 
When pieces of cadmium amide come in contact with water 
they dance about on the surface of the liquid much as sodium 
does but without sufficient rise in temperature to produce 
incandescence. When heated suddenly to a high tempera¬ 
ture, one sample exploded, coating the glass in the heated 
region with a mirror of metallic cadmium. 

3. Cadmium Nitride, CdsNi .^—When cadmium amide 
is heated to 180° in a vacuum it loses ammonia and is con¬ 
verted into cadmium nitride as shown by the following analyses: 

I. One-half of 0.3041 g of substance gave 0.0118 g N 
and the other half gave 0.2549 g CdS04. 

II. One-half of 0.1064 S substance gave 0.0910 g 
CdS04. The other half gave 0.00437 g N. 


Cd 

N 
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Just as metallic hydroxides may lose water when heated 
to form oxides, so cadmium amide undergoes deammonation 
to form the nitride as represented by the equation: 

3Cd(NH,), = Cd,N» -f- 4NH, 


‘ Frantz Fischer and Fritz Schrdter [Ber. deutsch. chem. Ges., 43, 1465 
(1910)] have prepared a black explosive substance, the qualitative analysis of 
which led them to believe they had cadmium nitride in their hands. 
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Cadmium nitride is a black, apparantly amcnphous 
substance which instantly assumes an oran|;e color when ex¬ 
posed to moist air. The yellow color later gives place to 
white due to the formation of cadmium hydroxide. A small 
sainple of the nitride exploded violently when it came in 
contact with water. Small fragments of the glass container 
picked up after the explosion were found to be covered on 
one side with a mirror of metallic cadmium. 

IV. Action of Potassium Amide on Potassium Cyano- 

niekelate 

Attempts to prepare a pure ammono derivative of nickel 
by treating ammonated nickel iodide with potassium amide 
resulted in failure. The difficultly soluble, blue crystals of 
the nickel salt were changed to a red, granular mass but 
analyses showed the product to be a mixture of two or more 
compounds which could not be separated. 

A search for a nickel compound whidi could be obtained 
in the anhydrous condition and which would be at the same 
time more soluble in liquid ammonia than nickel iodide, led 
to the discovery that potassium cyanonickelate could be 
employed. In order to obtain potasrium cyanonickelate free 
from potassium carbonate, with which it is often contaminated, 
the following method was devised: 

I. Preparation of Pure Potassium Cyanonickelate, 
Ni{CN)iKz .—Nickel sulfate is treated with enough potassium 
cyanide to form the double cyanide. The mixture of the 
cyanide and potassium sulfate in solution is then evaporated 
to dryness and the residue extracted with liquid ammonia 
in a vacuum jacketed beaker. Potassium sulfate and any 
potassium carbonate which may have been present in the 
potassiiun cyanide are entirely insoluble, whereas potassium 
cyanonickelate dissolves in about its own weight of the solvent. 
After filtering with the aid of a vacuum jacketed funnel and 
evaporating the ammonia from a Dewar beaker receiver, the 
salt is obtained pure as a light yellow, crystalline residue. 

The following described compounds have been obtained 
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as the result of treating potassium cyanonickelate in solution 
in liquid ammonia with potassium amide. 

2. Compound No. i. A Complex Product of the Empirical 
Formula NitNiHtKiiCN)t.8NH3 and its Deammonation Pro¬ 
duct, NitNiHtKiiCN )^—^When the ammono base potassium 
amide is added to a large excess of potassitun cyanonickelate, 
a brownidi red solution results which after standing fifteen 
minutes to a half hour yields a crop of rather large, brownish 
red, prismatic crystals which have been found to have the 
composition represented by the empirical formula NijNioHja- 
K4(CN)6. The crystals readily lose ammonia and crumble 
to a light yellow powder having the composition represented 
by the formula NhNjHjKaCCN)*. 

In order to determine the amount of ammonia of crys¬ 
tallization thus liberated, each leg of the reaction tube pre¬ 
viously described is placed in a bath of liquid ammonia and 
after connecting with the apparatus shown in Fig. 4 and 
opening the stopcock, the leg containing the washings is 
sealed off. While the leg containing the pure compound is 
still immersed in the ammonia bath the stopcock is connected 
to an air pump and ammonia is removed until the liquid phase 
has disappeared. At the temperature of an o|>en bath of 
liquid ammonia the vapor tension of the compound 
NisNioH26K4(CN)6 is almost zero. When the manometer 
shows that a constant low pressure has been reached the stop¬ 
cock is closed and the tube is removed to a balance and 
weighed. It is then connected with the air pump and evacu¬ 
ated at 70°. The loss of weight represents the amount of 
ammonia of crystallization. 

The analysis of the deammonated residue offered some 
difficulties at first but these were finally overcome by the 
following procedure: A silver nitrate solution acidified with 
nitric add was introduced into the tube containing the sample, 
whereby the latter was decomposed according to the equation: 

Ni,N,HjK«(CN)» -1- 6HNO, -|- 6AgNO, = 3Ni(NO»)* + 2NH4NO, + 

4 KN 0 » + 6AgCN 
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With the aid of the apparatus described in Fig. 5 the solution 
containing the silver cyanide in suspension was drawn into 
a ? ?nifl.n flask. The silver cyanide was filtered off, dried and 
weighed. Hie excess of silver was precipitated from the fil¬ 
trate as-the chloride and removed by filtration. In order to 
eliminate nitric acid this filtrate was treated with an excess 
of sulfuric add and evaporated until sulfuric add fumes be¬ 
gan to appear. The solution was then diluted and divided 
into two equal portions. In one half nitrogen was determined; 
from the other half nickd was predpitated electrolytically 
and potassium determined from the residual solution as 
potassium sulfate. The same method was successfully ap¬ 
plied in the analysis of the two nickel compounds, the de¬ 
scription of which is given below. 

In the following analytical data. Nos. Ill and IV were 
obtained from the analysis of the compound containing am¬ 
monia of crystallization, while I, II, V and VI represent 
analyses of the deammonated salt. The deammonated prod¬ 
uct was heated to about 70° in vacuo preparatory to anal¬ 
ysis. 

Analytical results: 

I. The spedmen which weighed 0.5930 g gave 0.0319 g 
N and 0.2017 g Ni. 

II. The spedmen weighed 0.3906 g and gave 0.4880 g 
Ag from the decomposition of AgCN. One-half of 0.3906 g 
gave 0.0664 g Ni. 

III. Dried in vacuo at —^40° the specimen weighed 1.0758 
g. After heating to 70° the residue wdghed 0.8522 g and 
gave 1.3280 g AgCN. 

IV. Dried at —^40°, the specimen weighed 0.6417 g. The 
deammonated residue weighed 0.5115 g and gave 0.0274 g N 
and 0.1743 g Ni. 

V. The deammonated spedmen wdghed 0.5528 g and 
gave 0.8560 g AgCN. One-half of 0.5528 g gave 0.0938 g 
Ni and 0.1871 g K2SO4. The other half gave 0.0147 g N. 
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NH8“i'“ 2o78' r"— “T — 1 20.8 1 20.3"! 

The analyzed preparations of this nickel compound 
were made up of rather large, brownish red, prismatic crystals 
of very uniform size and shape. The analytical results 
clearly indicate their purity. The crystalline substance of 
the formula Ni8N2H2K4(CN)6.8NH3 shows a very slight 
vapor tension at —40° but at ordinary temperature all of the 
ammonia of crystallization escapes' leaving a straw yellow 
powder of the composition represented by the formula 
NijN2H2K4(CN)6. When the yellow product is brought into 
contact with water it dissolves with surprising rapidity but 
without the evolution of a noticeable quantity of heat. When 
subjected to a temperature of 100° it begins to blacken and 
decompose. The crystalline compound is suflBciently soluble 
in liquid ammonia to give the solution a distinct yellow color. 

While there can be no doubt of the existence of definite 
compounds of the empirical formulas, Ni3N2H2K4(CN)6.8NH3 
and Ni8N2H2K4(CN)6, the question of their constitution is 
a matter which has not been satisfactorily solved. Following 
are possible formulas: 

K4Ni{CN)«.6NH3.2Ni(NH8)2 and K4Ni(CN),.2NiNH or 
K2(CN),Ni—NH—Ni—NH—Ni(CN),K2.8NH3and 
K2(CN)sNi—NH—Ni—NH—Ni(CN) 3 K 2 

3. Compound No. 2. A Mixed Cyanonickelate-Ammono- 
nickelate of Potassium, K{CN)iNiNHK. —When potassium 
amide and potassium cyanonickelate in liquid ammonia solu¬ 
tion are brought together in approximately equimolecular 
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quantities a bright yellow, curdy precipitate instantly ap¬ 
pears. It is necessary to wash this substance very rapidly, 
because if the amount of the nickel salt is too great the de¬ 
sired compound becomes contaminated with the compound 
described above, whereas if an excess of potassium amide is 
used the compound No. 3, described below, comes down with 
the product to be isolated. In spite of the greatest care, 
gtnall amounts of these compounds did contaminate samples 
which were analyzed and the results are somewhat variable 
on that account. The substance was prepared for analysis 
by heating in vacuo to 80° and then treating in a manner 
described for the analysis of the above compound. No. i. 

Analytical results: 

I. The specimen which weighed 0.3385 g gave 0.3468 g 
Ag from the decomposition of AgCN. One-half of the speci¬ 
men gave 0.0107 g N and the other half gave 0.0472 g Ni. 

II. The specimen weighed 0.1980 g and gave 0.2020 g 
Ag from AgCN. One-half gave 0.0268 g Ni and 0.0837 g 
KjSOi. The other half gave 0.00608 g N. 

III. The specimen weighed 0.3130 g and gave 0.4135 g 
AgCN. One-half gave 0.0427 g Ni. One-fourth gave 0.0672 
g K2SO4 and another fourth gave 0.00533 S N. 




Found 


Calculated for 




NiNHK2(CN)2 


II 

III 

I 

28.8 

27.9 

27.1 

273 

6.8 

6-3 

6.1 

6.8 

38-4 


3^*0 

38.6 

25-5 

24,7 

24.6 

25.6 


While the anal3rtical data are not as concordant as might 
be desired there can be scarcely any doubt that the products 
analyzed were specimens of a compound having the empirical 
formtila indicated. The constitution of the conpound seems 
fairly clear. It is potassium cyanonickelate which has, so 
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to speak, been half ccmverted into potassium ammononickelate 
as represented by the equation: 

K(CN)*Ni(CN)*K + aKNHj = K(CN)2NiNHK + NH» + 2KCN 

When first precipitated this compound has a bright, 
lemon-yellow color and presents a curdy appearance. It 
settles rather rapidly and after one or two washing crumbles 
to a finely divided granular material. 'When brought into 
contact with water it dissolves with mild sputtering and the 
evolution of a slight amount of heat. 

4. Compound No. 3. A Complex Compound of the Em¬ 
pirical Formula Ni3NnHziK7{CN)2 .—WTien potassium cyano- 
nickelate is treated with a large excess of potassium amide 
an emerald-green solution results which after a few minutes 
changes to a deep red color. At the end of an hour or so 
crystals begin to appear on the walls of the tube in which the 
reaction has taken place and after the lapse of about twelve 
hours the solution becomes almost colorless while a crop of 
red crystals adhere to the glass. After washing the crystals 
were treated for analysis in a manner described under Com¬ 
pound No. I. 

Since the analysis of this compound led to such an ex¬ 
traordinary formula it was considered advisable to determine 
carbon and hydrogen in two samples by combustion. The 
analyses given in III and IV were made by Mr. L. D. EUiott 
of this laboratory to whom the writer expresses his obUgations. 
Previous to analysis the specimens of this compound were 
heated to 70° in vacuo. 

Analytical results: 

I. A specimen weighing 0.3750 g gave 0.1565 g AgCN. 
One-half of the specimen gave 0.0426 g N and the other half 
gave 0.0476 g Ni and 0.1684 g K2SO4. 

II. A specimen weighing 0.4033 g gave 0.1281 g Ag from 
the decomposition of AgCN. One-half gave 0.0526 g Ni and 
0.1803 g KjSO*. The other half gave 0.0468 g N. 

ill. A specimen weighing 0.0781 g gave 0.0107 S CO2 
and 0.0227 S H2O by combustion. 
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IV. The specimen weighing 0.1605 g gave 0.0208 g C02 
and 0.0454 S HsO by combustion. 



Calctilated for 


Found 



NUN„H«Kr<CN). 

I 

II 

Ill 

IV 

Ni 

25 9 

254 

26.1 

— 

— 

N 

22.7 

22.8 

23*1 

— 

— 

K 

40.4 

403 

40.2 

— 

— 

CN 

7.7 

8.1 

7*7 

— 

— 

H 

3-3 

— 

— 

3-2 

31 

C 

3-5 

— 

— 

3-7 

3.6 


The above concordant anal3rtical results together with 
the fact that the product was obtained in the form of beautiful 
crystals must be taken as conclusive proof that a definite 
compound of the empirical formula indicated has been ob¬ 
tained. The reaction involved in its formation is represented 
by the equation: 

3Ni(CN)4Ka + 11KNH2 = NisNi.HsaKjCCN)^ -j- loKCN 

Not much can be done in the way of representing the con¬ 
stitution of the compound. Of a considerable number of 
more or less questionable formulas that may be written the 
formula K(CN)2NiNHK.NH3.K2NNiNKNiNK2.6NH3, is per¬ 
haps the most satisfactory in that it represents the substance 
as a mixed cyanonickelate-ammononickelate, an equimolecular 
combination of compound No. 2 above^ and potassium am- 
mononickelate described below. It may also be represented 
by the formula Ni(CN)2.2Ni(NH2)2.7KNH2. 

It was found impossible to determine ammonia of crys¬ 
tallization in this compound by the usual method of heating 
and evacuating, on account of the fact that no sharp line of 

' In view of the fact that all the compounds belonging to Uie group of 
which potassium ammonozincate is a typical representative, contain sufficient 
ammonia to permit their formulation either as salts with ammonia of crystalliza¬ 
tion or as molecular compounds of the amides of the two metals, it seems probable 
that a compound of the formula K(CN)j.NiNHK.NH, would have been obtained 
had the preparation No. 2 been dried at low temperature. 
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division exists between the temperature at which ptire am¬ 
monia comes off and a slightly higher temperature at which 
a mixture of ammonia and another undetermined gas escapes. 

This compound appears as bright, red, skeleton crystals. 
Through a low power microscope they show evidence of 
homogeneity. When exposed to moist air they soon become 
coated with a green film which is probably nickel hydroxide. 
In contact with water the substance sputters vigorously evolv¬ 
ing considerable heat. 

In connection with the three nickel compounds just de¬ 
scribed, it is interesting to note the steady decrease in the 
amount of the cyanide radical as the content of potassium 
amide increases. 

Compound No. I. 2KCN.2Ni(CN)2.Ni(NHK)2. 

Compound No. II. 2KCN.Ni(CN)2.NifNHK)2. 

Compound No. III. Nt(CN)2.2Ni(NHK)2.3KHN2.4NH3. 

V. Action of Potassium Amide on Nickel Sulfocyanate 

The remarkable results obtained by the action of potas¬ 
sium amide on potassium cyanoiiickelate led to a search for 
a soluble nickel salt free from cyanogen in order to avoid the 
complications encountered in the work above. Finding in 
ammonated nickel sulfocyanate Ni(SCN)2.4NH3, a readily 
soluble salt and one which may be easily prepared free from 
water, it was used in the experiments herewith described. 

1. Ammonated Nickel Sulfocyanate .—A specimen of a 
compound which was thought to be tetra-ammonated nickel 
sulfocyanate, Ni(SCN)2.4NH3,* was observed to be different 
from that described by Meizendorff. Upon investigation 
it was found to have the composition represented by the 
formula Ni(SCN)2.3NH8. A further search led to the dis¬ 
covery of three additional ammonates of nickel thiocyanate; 
one having two, another five and a half, and a third, eight 
and a half molecules of ammonia. 

2. Nickel Sulfocyanate with Four Molecules of Ammonia, 
Ni(SCN)t.4NH3. —Preparation; If a hot saturated solution 

Mozendorff: Pogg. Ann., 56, 63 (1842). 
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of xddcel sulfate is treated with an equivalent amount of 
ammonium sulfocyanate and enough ammonium hydroxide 
solution to produce a strong odor of ammonia, the color of 
the solution changes from green to blue, and upon cooling a 
crop of ctystals of the compound Ni(SCN)2.4NH3 is deposited. 

Nearly all of the nickel sulfocyanate from the mother 
liquor may be recovered by evaporating to dryness and ex¬ 
tracting with a small amount of concentrated ammonium 
hydroxide solution. The success of this separation depends 
upon the fact that nickel sulfocyanate is much more soluble 
in concentrated ammonium hydroxide solution than is am¬ 
monium sulfate. 

If a strong ammonium hydroxide solution of nickel sulfo¬ 
cyanate is exposed to the air until the excess of ammonia has 
escaped, most of the solute is deposited. This is to be ex¬ 
pected since nickel sulfocyanate is much more soluble in 
liquid ammonia than in water. 


Axial ratio 

: a : b : 

c - 1.398 ; ] 

: 0.687. P = 

0 

»o 


Angle 

No. measured 

Measured 

Calculated^ 

mm 

(no 

no) 

19 

107” 7' 

107® 7 ' 

mm 

(no 

no) 

20 

72°53' 

— 

PP 
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iTi) 

14 

57®30' 

— 

PP 

(in 

111) 

9 

122° 39' 

122® 40' 

mp 

(no 

III) 

7 

45 ^ 28 ' 

45 ® 20' 

my 

(no 

20 l) 

4 

68° 41' 

69° 7' 

my 

(no 

20 l) 

4 

iii° 3 ' 

110° 53' 

ma 

(no 
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15 

53“32' 

53“33' 

cp 

(ooi 

III) 

7 

35 39' 

36“ 12' 

me 

(Tio 

ooi) 

7 

98° 36' 

98° 28' 

bp 

(oio 

III) 

2 

62°25' 

62° 20' 

ay 

(lOO 

20 l) 

7 

52° 47' 

53“ 7' 

cy 

(ooi 

201) 

10 

51°32' 

51® 12' 

ap 

(lOO 

III) 

7 

57“ 42' 

57 ° 46' 

ac 

(lOO 

ooi) 

6 

75” 40' 

75 41' 

ac 

(Too 

ooi) 

7 

0 

0 

M 

— 


‘ Dull faces resulting from the instability of ammoniated nickel sulfocy- 
anate in moist air was responsible for the lack of closer agreement between the 
measured and calculated values for the angles. 
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Cr3^stals suitable for measurement on the reflection gon¬ 
iometer were obtained by making a saturated solution in a 
liquid made up of one part of concentrated ammonium hy¬ 
droxide solution to fotu: parts of water and exposing to the air 
for twelve hours. 

Crystallography Crystals of this compound belong to 
the monoclinic system. Prismatic class. A2.P.(C). 

Listof forms:m(i 10), p(iIi),y(20i), 0(100), c(ooi), 6(010). 
The faces shown in Fig. 6 are those which are found on the 
t)q)ical crystal. Faces a(ioo) and 6(010) are usually either 
very narrow or missing. Physical properties: Color, sap¬ 
phire-blue. Luster, vitreous. Cleavage, perfect parallel 
to m(iio) and y(2oi). Solubility, slightly soluble in an aque¬ 
ous solution of ammonium sulfocyanate but decomposed by 
pure water. This behavior may be explained by the equation: 

Ni(SCN)2 -I- 2NH4OH Ni(OH)2 -|- 2NH4SCN 
The solubility in liquid ammonia is very great. In con¬ 
centrated ammonium hydroxide solution about 60 g dissolve 



^ r/G.6 , r/G. 7 

NifSCNjg’SNH^ 

in 100 cc at 18°. Stability: The crystals are tmaltered by dry 
air but rapidly lose their luster and turn green in moist air. 
3. Nickel Sulfocyanate with Three Molecules of Ammpnia, 

^ The crystallography given in this paper was done at the suggestion and 
under the direction of Professor A. F. Rogers of the Leland Stanford Junior 
University. 
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Ni(SCN)2.3NH». —Preparation: If a saturated solution of 
the above described compound, Ni(SCN)2.4NHt, containing' 
a sirnall amount of ammonium sulfocyanate is exposed to the 
air for a few hours, crystals having a deeper blue color begin 
to appear and grow at the expense of the lighter blue ojm- 
pound 'if the latter is present. Analysis diowed the deq)er 
blue compound to be a substance represented by the formula 
Ni(SCN)2.3NH3.i 

In the absence of ammonium sulfocyanate, nickel sulfo¬ 
cyanate ■with three molecules of ammonia does not form. 
This behavior results from a reaction expressed by the equation: 

Ni(SCN)2 -f- 2NH4OH Ni(OH)2 + 2NH4SCN 
Crystallography: Crystals of this compound belong to the 
orthorhombic system. Bipyramidal class. 3A2.3P.(C) 

Axial ratio; a : b : c = 0.948 : i : 0.702 


j 

Angle 

No. measured 

Measured 

Calculated 

hm j 

(010 : 

no) 

37 

46° 31' 

_ 

he j 

(010 : 

on) 

H 

54° 55' 

55° 

mm I 

(110 : 

I To) 

23 

86"57' 

86"58' 

ce 1 

(003 : 

on) 

20 

34 ° 49' 

34 ° 46' 

fna 1 

(no : 

100) 

2 

43 ° 22'- 

43 ° 29' 

cp i 

(001 : 

ni) 

5 

45 ° 16' 

45 ° X 4 ' 

mp 1 

(no : 

in) 

5 

44 ° 46' 

— 

mz i 

(no : 

114) 

I 

75 ° 10' 

75 ° 49' 


List of forms: 0(100), 6(010), c(ooi), ^(011), w(iio), ;p(iii), 
2(114). The faces shown in Fig. 7 are those which are found 
on the typical crystal. Forms p(iii) and a(ioo) are of com¬ 
paratively rare occurrence and 2(114) was found on one crystal 
only.' 

Physical properties: Color, deep blue. Luster, ■vitreous. 
Cleavage, absent. Solubility and stability, similar to nickel 
sulfocyanate ■with four molecules of ammonia. 

Analytical results: 

I. A specimen weighing 0.2329 g gave 0.4824 g BaSOi 
and 0.0526 g NH3. 

> Ber. deutsch. chem. Ges., 41, 3178 (1908). 





Potassium Amide and Salts of Cadmium, Etc. 557 


II. A specimen weighing 0.1892 g gave 0.3915 g BaS04 
and 0.0434 g NHs. 


1 

1 


Found 


Calculated for 




Ni(SCN)a.3NHj 

1 

II 

SCN 

51-4 

51-5 

51-5 

NH, 

22.6 

,22.6 

22.5 


4. Nickel Sulfocyanate with Two Molecules of Ammonia, 
Ni{SCN)i.2NHi. —Preparation: When an aqueous solution 
of nickel sulfocyanate in which a considerable amoimt of 
ammonium sulfocyanate has been dissolved is left exposed 
to the air for a few weeks, a compound having the composi¬ 
tion represented by the formula Ni(SCN)2.2NH3 is formed. 
The crystals obtained were not suitable for measurement on 
the reflection goniometer. 

Physical properties: Color, greenish blue. Luster, vit¬ 
reous. Solubility and stability, similar to tetra-ammoniated 
nickel sulfocyanate. 

Analytical results: 

I. A specimen weighing 0.2246 g gave 0.5003 g BaS04 
and 0.0364 g NH3. 

II. The specimen weighed 0.2214 S and gave 0.4949 g 
BaS04 and 0.0358 g NHs. 


; Found 

Calculated for ___ 

Ni(SCN)2.2NH, ” I 


SCN I 55.5 

NHa I 16.3 


55-5 

16.2 


55-6 

16.2 


5. Nickel Sulfocyanate with Five and a Half Molecules of 
Ammonia, Ni{SCN)i.5^/tNHz. —Preparatioh: If a concen¬ 
trated ammonium hydroxide solution is saturated with nickel 
sulfocyanate at about 20° after which the temperature is 
lowered a few degrees, a crop of large, beautiful, tabular 
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crystals appear. On account of thdr efflorescent nature these 
caystals were not meastu-ed on the reflection goniometer. 

Physical properties: Color, blue with a violet tone. 
Lusta:, vitreous. Solubility, similar to tetra-ammoniated 
nickel sulfocyanate. Stability, when removed from the 
mother liquor and exposed to moist air, aystals of this com¬ 
pound instantly lose their luster and begin to lose ammonia. 

Analytical results:* 

I. A specimen weighing 0.2064 S gave 0.0174 g NHs 
and 0.3580 g BaS04. 

II. A specimen weighing 0.2715 g gave 0.0940 g NHj 
and 0.4715 g BaSO^. 

III. A specimen weighing 0.1586 g gave 0.0551 g NHs 
and 0.2751 g BaSOi. 

IV. A specimen weighing 0.1946 g gave 0.0679 g NHs. 


Calculated for 

Found 

Ni(SCN),. 5 V>NH, 

_ _ 

I 

II 

III 

IV 

43-3 

34-9 

43-2 

34-6 

43 I 

346 

43-2 

34-8 

34-9 


6. Nickel Sulfocyanate with Eight and a Half Molecules 
of Ammonia, Ni{SCN)2.8^/iNHt. —Preparation: When a tube 
containing a liquid ammonia solution of nickel sulfocyanate 
is immersed in an open bath of liquid ammonia, and ammonia 

* Working at 0“ with a specimen of nickel sulfocyanate weighing in the 
neighborhood of 0.037 8. Walter Peters [Ber. deutsch. chem. Ges., 41, 3178 
(1908)] obtained results which led him to believe that he had a compound with 
the composition represented by the formula Ni(SCN)j.6NHi. 

With the hope of obtaining the same compound, a sample of nickel sul¬ 
focyanate weighing 0.1640 g was dissolved in liquid ammonia and the tube con¬ 
taining the solution was connected to a suction pump where it was evacuated 
at o®. After the pressure had steadily fallen from 3i cm (the vapor tension of 
the compound Ni(SCN)j.8*/jNH} at 0°) to nearly zero, the specimen was found 
to weigh 0.3339 8- The formula of the compound calculated from these re¬ 
sults would be Ni(SCN)j.s.6NHj, which agrees closely with the formula of the 
compound having five and a half molecules of ammonia. In spite of careful 
observation the pressure in the manometer gave no indication of the existence 
of an ammoniated nickel sulfocyanate having six molecules of anminnia 
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is removed from the solution until the liquid phase has dis¬ 
appeared, a crystalline residue is obtained. 

Physical properties: Color, similar to the compound 
having five and a half molecules of ammonia. Stability, 
at —^40° the vapor tension is about 7.5 cm. At laboratory 
temperature the compound rapidly loses ammonia and goes 
over to the modification having five and a half molecules of 
ammonia. 

Analytical results: 

A specimen of Ni(SCN)2.5V2NH3 weighing 0.2520 g 
was dissolved in liquid ammonia and the tube containing the 
solution was placed in an open ammonia bath and connected 
to a suction pump. Ammonia was removed until the pressure 
became constant at about 7.5 cm, after which the tube with 
its contents were weighed. This entire procedure was re¬ 
peated three times. , 


.. 1 

Calculated wt. for 


Found 


Ni(SCN)». 8 *ANH, 

I 

i 

II 

Ill 

0.2999 g 

0,2991 g 

0.2990 J? 

0.2986 K 


7. Potassium Ammonickelate, Ni^NiKi-dNIit. —^When the 
ammonia-soluble nickel sulfocyanate is treated with a large 
excess of potassium amide a deep red solution is formed from 
which a red, crystalline product is slowly deposited. After a 
few hours the liquid becomes nearly colorless. The crop 
of crystals may be readily freed from soluble impurities by 
four or five washings with pure liquid ammonia. For analysis 
the crystals were heated in vacuo to 50® and dissolved in sul¬ 
furic acid. 

Analytical results: 

I. One-half of 0.4967 g of the compound gave 0.0633 
g Ni and the other half gave 0.0673 g N. 

II. One-half of 0.5684 g of substance gave 0.0724 g Ni 
and 0.2730 g K2SO4. The other half gave 0.0808 g N. 

III. One-half of 0.3253 g sample gave 0.0425 g Ni and 
01558 g K2SO4. The other half gave 0.0449 g N. 
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Calculated for 
Ni,N,HuK 6 

Found 

1 ' 

II 

III 

Ni 

25*7 

! 25.5 

255 

26.1 

N 

27,6 

27.0 

38.4 

27.7 

K 

42.8 

— 

431 

42.9 


The compound, to which either of the formulas 
K2N—Ni—NK—Ni—NK2.6NH8 or 2Ni(NH2)2.5KNH2 may 
be given, is obviously a member of the same group of compounds 
to which potassium ammonocadmiate, described above, be¬ 
longs. The reaction whereby potassium ammononickelate 
is formed may be represented by the equation: 

2Ni(SCN)2 + 9KNH2 = NijNgHisKs + 4KSCN 

This compound is obtained in the form of rather small, 
red crystals resembling those of Ni8NuH22K7(CN)2 in general 
appearance. It is suflSciently soluble in liquid ammonia to 
give the solution a pale red color. When brought into con¬ 
tact with water it reacts vigorously with the evolution of con¬ 
siderable heat. 

8 . Nickel Amide, Ni{NH2)2 -—With a solution of potas¬ 
sium amide nickel sulfocyanate in excess yields a red, floccu- 
lent precipitate. In order to ensure the purity of this sub¬ 
stance it must be thoroughly washed. The analyses of the 
two following samples were made after heating in vacuo to 
40° and dissolving in dilute sulfuric acid; 

I. One-half of 0.2242 g of substance gave 0.0730 g Ni 
and the other half gave 0.0335 g N. 

II. One-half of o. 1613 g gave 0.0522 g Ni and the other half 
gave 0.0250 g N. 



I Calculated for 

Found 


i Ni(NHj)» 

I 

II 

Ni 

1 

1 64.7 

65.1 

64.7 

N 

1 30.9 

29*9 

310 
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The formation of nickel amide is expressed by the equation: 

Ni(SCN)* + 2KNHs = Ni(NH2)2 + 2KSCN 

It is obtained as an insoluble, flocculent, terra-cotta red 
substance which settles rather rapidly in liquid ammonia. 
After long continued washing it shows a tendency to go over 
into the colloidal condition. It reacts rather mildly with 
water, forming nickel hydroxide and free ammonia. 

p. Nickel Nitride, NizN ^.—^When nickel amide is heated 
to about 120° in vacuo a slow evolution of ammonia occurs. 
Unfortunately, however, a secondary reaction takes place 
to a certain extent whereby free nitrogen is liberated. In 
the analysis of Samples I and II given below it will be seen 
that nickel runs high while nitrogen runs low. The nitrogen 
given off in the above-mentioned secondary reaction was 
measured in Sample III. 

I. One-half of 0.1572 g of substance gave 0.0693 S Ni. 
The other half gave 0.00701 g N. 

II. One-half of 0.1682 g gave 0.1981 g NiS04. The other 
half gave 0.00837 S N. 

III. One-half of 0.0864 S gave 0.00646 g N. The other 
half gave 0.047 g NiO. The nitrogen gas collected in an eudi¬ 
ometer measured 3.75 cc over water at 23° and 760 mm. 





Found 


! 

Calculated for 
NisNie 

I 

1 

r II 

III 

Ni 

86.3 

88.2 

89.2 

85.5 

N 1 

13-7 

8.9 

10.0 

14.9 


The reactions whereby nickel nitride is formed from the 
amide is analogous to the formation of nickel oxide from 
nickel hydroxide and is represented by the equation: 

3Ni(NH2), = NisN* -t- 4NH8 

Nickel nitride is a black, apparently amorphous substance 
which reacts with water very slowly if at all. It dissolves 
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slowly in dilute adds producing ammonium and nickel salts 
of the add used. 

NijNj + 8 HC 1 = sNiCfe + 2NH4CI. 

At about 120° it slowly decomposes into its constituent ele¬ 
ments. 

VI. Action of Potassium Amide on Ammonium Chromium 
SuIfOcyanate, NH4Cr(SCN)4.2NHs 

Since the double ammonium chromium sulfocyanate is 
very soluble in liquid ammonia an attempt was made to de¬ 
termine the effect of potassium amide on its solution. Small 
additions of the ammono base cause the separation of a dense, 
wine-red, gelatinous substance. With the addition of further 
quantities of potassium amide the deep red color of the original 
solution is completely discharged and a beautiful salmon 
pink, flocculent predpitate appears. If now a slightly greater 
amount of potassium amide is added, the flocculent material 
takes on a dull purple color. With a large excess of the base 
the flocculent predpitate dissolves, forming a wine-red solution 
which later yields a crop of small crystals of the same color. 
A microscopic examination of these crystals indicate the pres¬ 
ence of two different compounds. Several analyses showed 
this material to be composed of ammono chromites. Not¬ 
withstanding numerous attempts it has also been found im¬ 
possible to prepare either of the flocculent predpitates men¬ 
tioned above in a pure condition. 

VII. Summary 

When treated with potassium amide in liquid ammonia 
solution, cadmium sulfocyanate and potassium cyanocadmiate 
yield either cadmium amide, Cd(NH2)2, or potassium am- 
monocadmiate, Cd(NHK)2.2NH3, depending upon whether 
the cadmium salt or the ammono base is in excess. When 
cadmium amide is heated above 180° it is converted into the 
nitride. 

Potassimn cyanonickelate yields three distinct compounds 
when treated with potassium amide. With the salt in large 
excess, a brownish red, slightly soluble, crystalline substance 
is obtained having the formula Ni8N2H2K4(CN)6.8NH,. At 
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ordinary temperature and pressure the eight molecules of 
ammonia escape, leaving a straw-yellow powder, of the compo¬ 
sition represented by the formula NijN2HjK4(CN)(|. 

When approximately equivalent amounts of potassium 
cyanonickelate and potassium amide are brought together, 
a lemon-yellow, curdy precipitate is formed. After a few 
washings with liquid ammonia this substance crumbles to 
a heavy powder having the composition K(CN)2—Ni—NHK. 

If a large excess of potassium amide is used the lemon- 
yellow product first formed dissolves, forming a deep red solu¬ 
tion which upon standing twelve hours or so yields a crop of 
deep red crystals having the composition Ni3NiiH22K7(CN)2. 

By varying the concentration of ammonia in ammonium 
hydroxide solutions of nickel sulfocyanate, the following crys¬ 
talline modifications of ammoniated nickel sulfocyanate may 
be prepared: Ni(SCN)2.2NH8; 3NH.,; 4NH3; 5V2NH3. A 
fifth modification having eight and a half molecules of ammonia 
Ni(SCN)2.8V2NH3 may be prepared by removing the liquid 
phase from a liquid ammonia solution of nickel sulfocyanate 
while the temperature is kept at about —40°. 

A liquid ammonia solution of nickel sulfocyanate gives a 
precipitate of nickel amide Ni(NH2)2 when treated with an 
equivalent amount of potassium amide. Nickel amide is 
soluble in an excess of potassium amide, however, producing 
a deep red solution, from which a compound having the 
formula Ni2N3K6.6NH3 crystallizes out. If heated above 
120° nickel amide is converted to the nitride. 

When ammonium chromium sulfocyanate, NH4Cr(SCN)4.- 
2NH3 is treated with varying amounts of potassium amide, 
several different products appear. On account of the difficulty 
of getting any one of them in a pure condition they have not 
been isolated. 

This work was done in the chemical laboratory of the 
Leland Stanford Junior University at the suggestion and under 
the direction of Professor E. C. Franklin. 

Stanford University 
California 
April j, igi4 



ELECTRODEPOSITION OF NICKEL 


BY C. W. BENNETT, C. C, ROSE AND L. G. TINKLER 

In the discussion of the electrodeposition of nickel,* 
it was shown that the apparently mysterious results obtained 
by Calhane and Ganunage* could be explained satisfactorily 
on the basis of the electrochemical series. In a solution of 
nickel ammonium sulphate, there are present hydrogen, 
nickel, and a m monium ions. Of these the hydrogen ions are 
liberated most easily. When the electrolysis is started for 
the deposition of nickel, hydrogen ions, being present, are 
liberated first, and the efficiency of nickel deposition is, there¬ 
fore, low. If the electrolyte and cathode be stationary, 
there is an impoverishment of hydrogen with a subsequent 
deposition of nickel with an efficiency which depends upon 
the impoverishment of hydrogen or upon the rate of bringing 
up of hydrogen ions to the cathode. This rate of bringing 
up hydrogen ions to the cathode may be effected in two ways: 
First,' the electrol)d:e or the cathode may be rapidly moved 
and, therefore, diffusion aided. Second, the concentration 
of hydrogen ions may be increased, and, therefore, the rate of 
bringing up hydrogen ions increased, because more are pres¬ 
ent to be brought up. 

In the previous work on the deposition of nickel, the latter 
condition was studied, the concentration of hydrogen ions was 
changed by adding ammonium hydroxide to the solution, 
tending to make it alkaline. Under these conditions it was 
found that starting with straight nickel ammonium sulphate 
and measuring the efficiency every fifteen minutes, the effi¬ 
ciency of deposition began at about 87 percent and increased 
to the fairly definite maximum represented by about 96 per¬ 
cent. The conditions of such electrolysis were stationary 
cathode and stationary electrolyte. When varying quantities 

* Jour. Phys. Chem., 18, 373 (1914); Trans. Am. Electrodiem. Soc., 35, 
33S 

* Jour. Am. Chem. Soc., 19, 1268 (1907). 
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of ammonium hydroxide were added to the solution, the effi¬ 
ciency began higher and reached finally a higher state. 

ITie results obtained by Calhane and Gammage referred 
to above showed that the efficiency of nickel deposition with 
the rotating cathode was much lower than with a stationary 
one, and the efficiency decreased as the speed of rotation of 
the cathode increases. 

In the previous work it was shown that the surface film 
at the cathode could be disturbed by stirring the solution as 
well as by rotating the cathode, and experiments were given 
to show that the efficiency of deposition is less the more rapidly 
the solution is agitated. 

With reference to the rotating cathode, with which this 
investigation is interested, the same methods have been used 
for changing the concentration of hydrogen ions as were used 
in the previous work. 

If small quantities of ammonium hydroxide be added 
to the solution with a rotating cathode, the efficiency should 
be affected in a way analogous to that with a stationary cathode. 
In other words, it may be expected that the addition of am¬ 
monium hydroxide would tend to raise the efficiency of deposi¬ 
tion on the rotating cathode as well as on the stationary one, 
i. e., the efficiency should start higher and approach the same 
point or perhaps reach a higher one. Experiments were 
accordingly made with stationary and rotating cathodes with 
varying amounts of ammonium hydroxide, i cc, 5 cc, and 
10 cc of I ; 10 ammonium hydroxide were added to 120 cc 
of the nickel ammonium sulphate solution. This, the 
same as in the previous work contained 8 grams of nickel 
ammonium sulphate with one gram of nickel chloride per 
100 cc of water. The anodes were all electrolytic nickel con¬ 
taining 0.14 percent iron. 

The current density was approximately 1.25 to 1.50 
amperes per square decimeter. 

The results of one set of experiments are shown in the curves 
of Fig. I and Fig. 2. Curve A, Fig. i, represents a series 
of efficiency measurements taken every thirty minutes with 
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a cathode rotatit^; looo revolutions per minute. This cell 
had I cc of I : lo ammonium hydroxide. Curve B shows- 
a cell with a stationary cathode run under the same condi¬ 
tions in series with the first one. Curve C and D, Fig. 2, 
show, respectively, curves for the rotating and stationary 



77m€ in hours 



Time in Hour'S 
Fig. 2 

electrodes with 5 cc of i : 10 ammonium hydroxide. Curves 
E and F show, respectively, rotating and stationary electrode's 
with 10 cc of I : 10 ammonium hydroxide. From these 
curves it is evident that if the solution is of the proper alka¬ 
linity, the eflSdency begins high and is maintained at fairly 
high value when the cathode is rotated. This is best shown 
in Cinve C. 
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Having shown that it is possible to increase the eflSdency 
by decreasing the concentration of hjrdrogen ions, it is only 
a step theoretically to the extreme condition, where the con- 
•centration of hydrogen ions is practically zero. If nickel 
could be deposited from a strongly alkaline solution or from 
a solution of nickel in a strong base, the hydrogen ion concen¬ 
tration in this solution would be practically zero. Being 
practically zero, the agitation of the solution would practically 
not affect the electrolysis in so far as the hydrogen is concerned. 
If a solution could be obtained, which had a high concentration 
of hydrogen ions, agitation of the solution should practically 
not affect the efficiency. If, on the other hand, the ion con¬ 
centration is low, agitation of the solution or rotation of the 
cathode should increase the efficiency over that obtained with 
a stationary electrode. We are, therefore, in a position to 
say that a solution of nickel in a strong base will )deld nickel 
upon electrolysis with the same efficiency or a higher one if 
the electrode be rotated. In other words, the conditions will 
be just reversed from those obtained from the nickel ammonium 
sulphate solution. 

A number of solutions were tried before a satisfactory one 
was obtained. A solution of nickel cyanide was finally used, 
the solution containing approximately 5 percent nickel cyanide 
and 7 percent potassium cyanide. The experiments were 
made with a stationary electrode and a rotating electrode 
in series with a copper coulometer. The runs lasted for one 
hour and the current density was 5 amperes per square deci¬ 
meter. The solution, which was red at the start, became dark 
red in the case of the stationary electrode, and nickel hydroxide 
or cyanide precipitated. In the case of the rotating cathode, 
the solution changed from a red to a lemon-yellow and 3delded 
less of the green precipitate than the stationary one. The 
efficiency of deposition from this solution is very low and has 
been found by Watts as 0.05 percent. This is due to the very 
low concentration of nickel ions in the solution. It would 
accordingly be expected that rotation of the cathode would 
increase the efficiency over that of the stationary electrode. 
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The results obtained are tabulated in the following table: 


n. p. M. 

Efficiency 

rotating 

Efficiency 

stationary 

500 

0.13 

0.033 

500 

0.13 

0.048 

1000 

0.41 

0.022 

1000 

0.58 

0.000 

2000 

1.65 

0.057 


These values are shown in the curves in Pig. 3. The efficiency 
increases with increased rotation according to the prediction ► 
and the efficiency of the rotating cathode is higher than that 
for the stationary. 



In conclusion it may be said, that in the nickel ammonium 
sulphate solution the efficiency of the deposition of nickel on 
the rotating cathode, as well as the stationary one, may be 
changed by changing the concentration of hydrogen ions. 
When the concentration of hydrogen ions is practically zero^ 
as in the case of a strongly alkaline solution, nickel is deposited 
more easily than the other ions, so that the lower efficiency 
would be occasioned by impoverishment of nickel. The ro¬ 
tation of the electrode prevents this impoverishment, and, 
therefore, increases the efficiency, while in the case of solutions 
where hydrogen ions are precipitated, the rotation of the 
cathode tends to prevent hydrogen ion impoverishment and,, 
therefore, tends to decreases the efficiency. 

Electrochemical Laboratory 
Cornell University 




HYDROUS CHROMIC OXIDE. II 


BY C. F. NAGEL, JR. 

In the preceding paper* it was pointed out that Fischer 
and Herz* consider that hydrous chromic oxide is peptonized 
and not dissolved by caustic alkali. They base this conclusion 
on dialysis experiments and on conductivity measurements. 
At the suggestion of Professor Bancroft it was decided to supple¬ 
ment their work by other experiments. Freshly precipitated 
hydrous chromic oxide was treated with an excess of caustic 
potash to prevent jelling and was set away in glass-stoppered 
bottles. At the end of three weeks quite a large amount of 
green precipitate had formed, but the liquid was still green. 
On further standing, the amount of precipitate increased 
while the green color of the liquid became correspondingly 
less intense. At the end of two months the liquid was only 
faintly yellowish green, the bulk of the chromium oxide having 
precipitated. It is probable that practically all the chromium 
oxide would precipitate in time; but the experiment was 
stopped at this point for academic reasons. Experiments 
were also made on ultra-filtration.'’ Collodion filters were 
prepared by pouring 20 cc collodion solution on a clean surface 
of mercury in a fiat dish. The films thus formed were allowed 
to dry until all smell of ether had disappeared, but not so long 
that the odor of alcohol had vanished. When in this state the 
films can easily be lifted out with the fingers and can then be 
allowed to dry subsequently in the air to whatever hardness 
is desired, the films being more impermeable the harder they 
are.'* The films were placed in a regular Bechhold apparatus 
and distilled water run through to show how the filter was 
working. With hydrous chromic oxide and excess of caustic 
potash the liquid comes through the filter colorless, all the 

^ Nagel: Jour. Phys. Chem., 19, 352 (1915). 

’ Zeit. anorg. Chem., 31, 352 (1902). 

' Bechhold; Zeit. phys. Chem., 60, 257 (1907); 64, 328 (1908). 

* I am indebted to Professor Briggs for much assistance in preparing these 


films. 
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diromium being left bdnnd on the filter. While there may be- 
some adsorption of the chromic oxide by the filter itself, this 
is of no importance because so much liquid was run through 
the filter that the chromic oxide was left in mass on the top 
of the filter and could be scraped off of it. 

Whai hydrous chromic oxide is heated with a chromic 
chloride solution, some of the chromic oxide seems to go into 
solution forming what is often called a basic chloride. When 
this apparent solution is passed through an ultra-filter, the 
chromic oxide is removed. The solution comes through green, 
of course, because the filter does not remove the dissolved 
chromic chloride. A so-called basic chromic chloride solution, 
therefore, contains hydrous chromic oxide peptonized, but 
not dissolved, by-chromic chloride. There is no evidence 
that any appreciable amount of basic salt is formed. 

I had hoped to be able to shake out peptonized chromic 
oxide with benzene but this proved impossible in alkaline solu¬ 
tions. When precipitated chromic oxide is shaken with water 
and benzene, it goes into the dineric interface but addition of 
caustic alkali causes it to precipitate. This seems to be a 
general phenomenon, because zinc sulphide was precipitated 
from the dineric interface of kerosene and water by addition 
of alkali. This is in line with the experiments of Wilson^ 
and of Twomey** showing that alkali is adsorbed at the surface 
separating organic liquids from water. 

The general results of this paper are as follows: 

1. Using a collodion ultra-filter it is possible to filter out 
the hydrous chromic oxide peptonized by caustic alkali. 

2. On long standing nearly aU of the peptonized chromic 
oxide precipitates from a caustic alkali solution. 

3. Chromic chloride solutions peptonize hydrous chromic 
oxide. No appreciable amount of basic chloride is formed. 

4. It is not possible to shake out hydrous chromic oxide 
from an alkaline solution either with benzene or kerosene. 

Cornell University 

1 Jour. Chem. Soc., i, 174 (1848). 

* Jour. Phys. Chem., 19, 360 (1915). 



THEORIES OF THE LATENT IMAGE AND REVERSAL 


BY E. P. WIGHTMAN 

Of all the topics of photographic chemistry which have 
caused the greatest amount of investigation and discussion 
that of the natime of the latent image is preeminent. Yet, 
in spite of the vast quantity of experimental work which has 
been done, especially in the last ten or twelve years, and in 
spite of the volumes which have been written, the statement 
made in Roscoe Schorlemmer’s Treatise on Chemistry, “that 
the exact change in the sensitive salt is as yet not understood,” 
is as true to-day as it would have been fifty years ago. It 
should not be said that we are not any nearer a solution of the 
problem, because we would not, if we could, discredit the ex¬ 
cellent work of Luppo-Cramer, of von Hiibl, of R. Luther, 
of K. Sichling, of Reinders, of Renwick, of Bancroft, Mat¬ 
thews, Mees, and many others. 

For convenience the theories which have been set forth 
may all be classified in three groups, one attributing the change 
to a chemical change, another attributing it to a physical 
change, and the third to a mixture of physical and chemical 
changes, or rather, to a physical-chemical change. 

The Chemical Theories of the Latent Image.' —Schelle,^ in 
1777, po’nted out the loss of chlorine from silver chloride on 
exposure to light. He treated the darkened residue with am¬ 
monia and foimd that black flakes of silver remained behind. 

“The notion that the darkened residue was a subchloride 
with the composition AgaCl, was first suggested by Fischer 
in 1814, and reiterated by Wetzlar in 1834.” It was reasoned 
in those early days that there must be either a subchloride 
or metallic silver formed. But they argued that the latter 
could not take place very well because the normal chloride 
will darken in the presence of nitric acid and apparently no 

^ Note. —In the early history of the theory I have made free use of 
Meldola's Chemistry of Photography. 

* Von der I/uft und dem Feuer: Leipzig (1784), p. 64. 
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silver is dissolved. This happens, too—although the darken¬ 
ing is not quite so pronounced—even in a fairly concentrated 
add. 

Meldola states that “one strong argument formerly used 
in favor of a subchloride was Wohler’s supposed suboxide 
of silver, Ag^O, obtained in 1839 by redudng silver dtrate 
in a current of hydrogen at 100° C. But investigations in 
1887 and 1888 by Muthmann,' by Friedheim,* and by Bailey 
and Fowler® appear to render the existence of the oxide im¬ 
probable thereby making statements about the subchloride 
equally doubtful,”'* 

Meldola points out also that small amounts of moisture 
may influence photodecomposition because, “according to 
Abney, dry silver chloride sealed up in a Sprengel vacuum does 
not darken when exposed to light for months.”® 

Certain solvents such as sodium hyposulphite, potassium 
cyanide and ammonia are known to dissolve normal silver 
chloride. The darkened chloride, however, leaves a residue 
of silver. It might be assumed that such reactions as the 
following take place: 

AgjCl + NaaSsOa = AgNaSjO, -|- NaCl + Ag 
AgjCl + 2KCN = AgK(CN)2 + KCl -I- Ag 
AgsCl ■+• 2NH4OH = AgNH4(OH)2 -I- NH4CI -t- Ag 

But this is merely an assiunption for which we have no proof. 
It is similar to the argument of Riche that after exposure for 
a year and a half the reduced salt has the composition AgjCU. 
He first assumes the existence of the salt, and then attributes 
the loss of chlorine to its formation. 

What if we reason from analogy? Mercury, copper, and 
thorium form lower chlorides. Are their lower chlorides 
analogous to the subchloride of silver, as some have argued? 

^ Ber. deutsch. chem. Ges., 20, 983 (1887), 

* Ibid., 20, 2554 (1887); 21, 307 (1888). See also Pillitz: Zeit. anal, 
Chem., 21, 27, 496 (1882); Newberry: Am. Chem. Jour., 8, 196 (1886); Pfordten: 
Ber. deutsch. chem. Ges., 20, 1458, 3375 (1887); 21, 2288 (1888). 

* Jour. Chem. Soc. Trans., 51, 416 (1887). 

* Bibra: Ber. deutsch. chem. Ges., 8, 741 (1875). 

* Abney: "Recent Advances in Photography,'* p. 19 (1882). 
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Are they not more nearly similar to the normal chloride of 
silver? The lower chlorides of mercury, copper, and thoriiun 
are insoluble; they are not darkened, but are white, or nearly 
so, similar to silver chloride, AgCl. Moreover, mercurous 
chloride is “redissolvable by light, not to a subchloride, but to 
mercuric chloride.” Besides, “these lower chlorides are defi¬ 
nite chemical salts easily prepared by chemical methods, which 
cannot be claimed for the supposed subchloride of silver.” 

While there are still some chemists who hold to the sub¬ 
chloride theory, it has been practically abandoned since 
before Meldola’s time (1890). Holleman and Cooper’s text¬ 
book of Inorganic Chemistry (3rd edition, 1910, p. 362) 
states that “a subbromide of the composition Ag2Br is formed 
by the action of light, and not metallic silver, because dilute 
nitric acid does not destroy the latent image. Moreover, 
not all the silver bromide is decomposed, but an equilibrium 
is established. 

2AgBr AgjBr -f Br 

which is displaced farther to the right the stronger the illumina¬ 
tion.” A number of other such statements might be cited 
from text-books which have not been recently revised on this 
subject. 

Eder,i in 1905, modified the theory to this extent. He 
suggested that there might be a series of subbromides, depend¬ 
ing upon the length of exposure. Trivelli* holds that the 
phenomena of solarization, that is, double, or negative and 
positive image, cannot be accoimted for on the assumption 
of only one compound, no matter what its composition. He 
gets around the difficulty by supposing four compounds having 
the composition AggBr7, AggBrg, AggBrg, AggBrg. There 
seems to be no groimds for such, however. 

“That oxygen was essential to the darkening of the 
chloride was &st annoimced by Robert Hunt,”® in 1854. 
Powdered silver chloride was placed in one end of a bent tube, 

‘ Brit. Jour. Phot., 53, 950, 968 (1905). 

* Cf. Lhppo-Cramer: Das latente Bild., 23 (1911). 

* ^'Researches on Light/' 2nd Ed., p. 80 (1854). 
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the other end of which was held under water. “As the chlo¬ 
ride darkened, the tube was thoroughly shaken in order to be 
sure that as much as possible of the chloride was exposed.” 
The water rose in the other end of the tube.^ Of course, this 
is not conclusive, because an oxide of chlorine might have 
been formed which is soluble in water. That an oxychloride 
of the composition AgiOClz was formed was the explanation 
of the phenomenon given by W. R. Hodgkinson. Meldola 
was one of those who thought the solution of the problem 
might be in the direction of the oxychloride as a reduction 
product though he did not commit himself to any definite 
statement as to the exact nature of the change. 

Baker* showed that not only is chlorine lost when the 
chloride blackens but apparently oxygen is at the same time 
absorbed, an oxychloride of the formula AgjClO being the 
result. The amoimt is extremely small even for a large quan¬ 
tity of chloride when exposed for a long time. Abney and 
Baker both showed that pure, dry silver chloride does not 
blacken when exposed to light in a vacuum tube, in per¬ 
fectly dry oxygen, or under carbon tetrachloride in the 
absence of oxygen. 

Sonstadt states that hydrogen peroxide is always formed 
when light acts on silver chloride. He finds that if silver 
chloride is sealed up in a tube and blackened by exposure 
to light, a reversion to the white chloride takes place if the 
tube is kept in the dark. On the other hand, if Hie products 
of decomposition—^those that are volatile—are removed by 
having calcium chloride and ammonia in another part of the 
tube containing the silver chloride no bleaching of the blackened 
compound takes place. 

So much for the older and practically discarded theories. 
Now what have modem research and reasoning to say? 
"While Luther’s* earlier work pointed to the formation of a 

’ Cf., "The Art of Photography” (English translation) by Halleur, p. 76 

(1854). 

* Jour. Chem. Soc., 61, 728 (1892). Cf. Abney: "Treatise on Photog¬ 
raphy,” 5th Ed., p. 24; also Hunt: "Researches on Ei^t,” and Ed„ p. 98. 

«Heyer: Jour. Phys. Chem., 15, 557, 560 (1911). 
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subchloride or bromide, as the case might be, the later work 
from his laboratory has shown their non-existence. In his 
r 6 sum 4 of arguments for and against certain theories,' he thinks 
the problem may never be solved, because passage from chem¬ 
ical combination to mixtures and absorbed substances is of 
the most gradual kind.” 

Yet, we still have the argument of Perley* that since the 
action of light can be reproduced by suitable reducing agents, 
the latent image cannot be a modification of silver bromide 
but must be a reduction product. According to Bancroft* 
it cannot consist of metallic silver, “because the image does 
not show the reaction of metallic silver, because it does not 
show the electrical potential of metallic silver, and, moreover, 
the h3rpothesis can not be reconciled with the facts of solariza- 
tion.” He also discards the modification of the silver bromide 
and the subbromide views. What he does claim is that “the 
latent image is a phase of variable composition, presumably 
due to adsorption of silver by silver bromide, and that it is 
identical with photo-halides except as to color.” He points 
out from the work of LUppo-Cramer that the latent image 
which gives rise to a negative under normal development con¬ 
sists of silver bromide with an excess of about 0.002, to o.i 
percent silver. 

The view of Bancroft which has just been stated, namely, 
that the latent image is a phase of variable composition with 
silver as the end-point, is the view first suggested by Carey 
Lea* in 1887, and later brought into prominence by Luppo- 
Cramer. It was also adopted by Reinders* as the result of 
his most recent experiments. The silver, they say, probably 
exists in the colloidal state, which would explain the color 
phenomena. 

In this connection Ltippo-Cramer® has boiled colloidal 

* Phot. Rundschau, 34, 221 (1910); Brit. Jour. Phot., $7, 651 (1910). 

* Jour. Phys. Chem., 14, 689 (1910). 

»Ibid., X 7 , 93-153 (1913)* 

< Am. Jour. Sci., (3) 33 » 349 (1887). 

/ Zeit. phys, Chem., 77, 213, 256, 677 (i 9 i 0 - 

* Zeit. Kolloidchemie, 8, 42 (1911); Phot. Korr., 48^ 188 (19x1). 
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silver with silk, wool, cotton, etc., and obtained colors which 
seem to confirm the formation of adsorptive combination of 
the photo-halides with coUoidal silver, the color depending 
upon the size of the adsorbed colloidal particles. 

C. E. K. Mees* points out that “Abegg considered the 
latent image to consist of a nucleus of silver forming a solid 
solution in silver bromide.” He did not state whether or not 
the silver was supposed to be in the colloidal state. 

K. Sichling,* by means of measurements of potential, 
and electrical determinations of solubility, shows that photo¬ 
chlorides are single phase systems—solid solutions of amorphous 
silver. He also showed that silver chloride and colloidal silver 
possess continuous miscibility. 

Reinders^ prepared crystallized photo-halides colored 
with colloidal silver and discusses the subhalide as opposed 
to the silver adsorption theory, and concludes that photo¬ 
halides are normal salts, colored by small amounts of colloidal 
silver. The color and other phenomena depends upon the 
size and distribution of the colloidal particles. 

Hurter and Driffield^ made certain energy calculations 
which Bancroft says lose their force when it is assumed that 
an almost infinitesimal change in the composition of the silver 
bromide grain is sufficient to make development possible. 
There seems to be no reason, also, he says, why all the silver 
bromide, instead of that part affected by the light, should be 
developable, although the argument has been attacked by 
Chapman, Jones,® by Namias,® and by others. 

With reference to the extremely small quantity of silver 
bromide affected by light on a photographic plate, Meldola 
says that the character of the photo-decomposition products 
ox the latent image on the plate are the same as in the case of 
the darkened silver bromide as ordinarily precipitated, differing 

* Jour. Frank. Inst., 179, 141 (1915). 

» Zeit. phys. Chem., 77, i (1911); Phot. Korr., 48, 33 (1911)- 

• Zeit. phys. Chem., 77, 213, 356 (1911). 

* Jour. Phys. Chem., 15, 365 (1911). 

‘ Sci. and Prac. of Phot., 374, 387 (1902). 

• Phot. Korr., 43, 155 (1905). 
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only in degree and not in kind. ‘ ‘ The amount of silver bromide 
acted upon is so small as to be infinitesimal, the transverse 
section having a diameter hardly more than the molecules 
themselves. As to the color, that of such a thin layer could 
hardly be seen, besides, only the chloride is strongly colored.” 

Mention only can be made of other more or less important 
work on the chemical theories, by Wohler,* Mees and Wratten,* 
Wohler and Rodewald,® Baur,* Luppo-Cramer,® and others. 

Physical Theories Concerning the Latent Image. —^These 
are few in number. It was found by Dewar that gelatine 
emulsions of silver bromide remained sensitive to light—though 
to a smaller extent to be sure—even at —252.5° C, at which 
temperature nearly all chemical actions proceed very slowly. 
This gave rise to the view that no chemical action is brought 
about on the photographic plate, but that the molecules of 
silver bromide are altered so as to make them more sensitive 
to light. So far as we could learn he did not say what the 
change was, nor whether it was accompanied by some sort 
of reduction. 

It is hardly possible that the change is similar to that 
produced in “ripening” the sensitive emulsion, because it 
is likely that the amount of light acting in a normal exposure 
would be too small to bring about such a change— i. e., a 
molecular or allotropic change, as stated by R. J. Wallace.® 

“It is very generally understood that silver bromide 
(aAgBr) is the chief substance employed in the making of 
gelatine dry plates, but that silver bromide exists in several 
different allotropic forms has. long been known—^the first, 
formed by the admixture of the gelatine and bromide and silver 
salts, is of slow sensitiveness, but in the process of ripening 
passes gradually through several modifications, finally ending 
in a state which is capable of reduction by a developer without 

‘ Csterr. Chem. Ztg ., 14, 268 (1911). 

’ Brit. Jour. Phot., 55, 831 (1908). 

• Zeit. anorg. Chem., 61, 54 (1909)- 

• Zdt. phys. Chem., 77, 58 (1911)- 

' Phot. Rundschau, 34, 226 (1910). 

• Astrophys. Jour., (2) 30 , 114 (1904}. 
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the previous action of light, viz., the blue allotrope of silver 
bromide (blue to transmitted light). If the ripening of the 
emuldon be stopped prior to the formation of this last form 
the result is stiU another allotrope, which is green by trans¬ 
mitted light, and of high sensitiveness.” 

Another theory, that of Renwick,* and known as the “ex¬ 
plosion or pulverization theory” is based on an observation 
by Scheffer that the silver bromide grain on exposure violently 
throws off part of itself. It ruptures the surro unding gela¬ 
tine, which, according to Renwick, encloses the bromide in 
a tangled meshwork. Where the bromide grains are sm- 
rounded by gelatine, the developer does not penetrate to any 
extent, but where the explosion has opened up a channel of 
relatively large size giving access to the developer it does 
attack the bromide. 

That there is a certain amount of pulverization seems to 
be confirmed by an experiment made by Luppo-Cramer,* 
in which a silver mirror is exposed to iodine vapors, becoming 
coated with a film of potassium iodide. The sensitive plate 
thus formed, or part of it at least, is exposed to the light for 
ten to fifteen minutes, and when brushed with cotton, silver 
iodide powder is removed from only the exposed portion. 

It was J. C. Bose* who said, “With reference to photo¬ 
graphic action, various facts are known which caimot be ex¬ 
plained from purely chemical considerations. It will be shown 
that when a substance is molecularly strained, its chpiniral 
activity is modified in consequence of a physical strain. The 
acted and unacted portions will, therefore, be unequally at¬ 
tacked by developer. In the case of a compound the strain 
produced may cause a modification which renders it susceptible 
to decomposition by the action of a reducing agent. The 
observed evolution of chlorine when moist silver chloride is 

* Brit. Jour. Phot., 58, 48 (1911). 

’ Phot. Korr., 47, 226 (1910). 

® Phot. Jour. Trans., June, 1902; see also Proc. Roy. Soc., 1899; Ibid., 
1900; Ibid., 1902; Report, B. A., 1900 (Electrician); Travaux du Cong. Intern, 
de Phys., Paris, 1900; Friday Evening Discourse, Royal Inst., May, 1901; “Re¬ 
sponse in the Diving and Non-living,” J. C. Bose, Longmans, Green & Co. {1902). 
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exposed to the long continued action of intense light is often 
adduced in support of the chemical nature of photographic 
action. This extreme case of dissociation cannot, however, 
be regarded as representative of the action of light in the forma¬ 
tion of latent images. In ordinary photograhic action we 
have nearly the effect of a moderate stress producing the corre¬ 
sponding strain (with concomitant variations of chemical ac¬ 
tivity, and not the disruptive effect of a breaking stress).”^ 

These remarks by Bose fiumish the introduction to a very 
interesting paper on the subject of what he calls the “molecu¬ 
lar strain theory.” It would not be worth while to take up 
the subject, as he treats it, in detail, but it would be well, 
no doubt, to give the following conclusions with which he sums 
up his paper. 

“It is thus seen: 

“(i) That molecular strain is produced by the action of 
light. 

“ (2) That both in the artificial and real retinae, the 
molecular strain produced by light gives rise to similar elec¬ 
tric impulses. 

“(3) That as the physico-chemical properties of a sub¬ 
stance are changed by strain, it is possible to develop the 
latent image, through the difference in the following properties 
between the exposed and unexposed portion, produced by 
light: (a) difference in adhesive power, e. g., development of 
daguerreotype by merciu'y vapor; (6) difference in chemical 
stability, e. g., development by reducing agents. 

“(4) That molecular strain may not only be produced 
by visible or invisible radiation, but also by (a) electric, and 
(b) mechanical stress. Latent images produced by such means 
may be developed, e. g., inductoscripts, development by pres¬ 
sure marks. 

“(5) That nearly all substances are sensitive to radia¬ 
tion, but the effect cannot in all cases be rendered visible, 
(a) owing to want of suitable chemical developers; (b) owing 


^ Cf. above R. J, Wallace (Loc. cit.) and preceding paragraph. 
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to quidk self-recovery. The effect may be rendered more or 
less permanent by overstrain or by ‘arrestors.’ 

“(6) That the molecular effect due to radiation can be 
demonstrated by the conductivity or E. M. F. variation method. 

‘‘ (7) That the latent period of overcoming inertia corre¬ 
sponds to the photographic induction period. 

“(8) That the relapse of image is due to self recovay. 

“(9) That owing to the tendency toward self-recovery, 
the radiation effect does not solely depend on the total quantity 
of light, but depends also on the time rate of illumination. 
Hence, the photographic effects of intermittent and continuous 
illuminations are not the same. 

“(10) That the continuous action of radiation produces 
recurrent reversals.” 

This molecular strain theory of Bose is interesting, 
but does not go far enough. It could be stated, probably a 
little more effectively in other words, as the theory of the change 
in internal equilibrium forces of the molecules due to the in¬ 
fluence of light. We know that with change of molecular 
structure (such as white to red phosphorous, orthorhombic 
to monoclinic sulphur, etc., as dted by Bose) there is an ac¬ 
companying loss or gain of intrinsic energy of the molecules, 
observable as heat given off or heat absorbed, respectively. 
This change of internal energy which is also accompanied by 
change of chemical activity does not necessarily mean a strain, 
or, in other words, a lack of internal equilibrium, it merely 
means that the chemical potential of the substance in question 
has been lowered or raised as the case may be, with respect 
to other chemical substances not so easily affected by light. 

Even this modification of Bose’s idea is not sufficient 
to explain all the facts; we are forced to go farther. 

Physico-Chemical Theories of the Latent Image .—It is 
well known from Hertz and others that light has the power to 
cause a discharge of negative electrification from the surface 
of many bodies. Joly^ considers that light causes an elec- 


^ Nature, 72, 308 (1905). 
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tronization of silver bromide, since the silver haloids are known 
to be photo-electric. An interesting thing about it is that 
they are photo-electric in the descending order, bromide, 
chloride, and iodide, the same order as their photo-sensitive¬ 
ness. 

Moreover, an image capable of development is also formed 
by cathode rays or electronic discharges from radium. Joly 
thinks, therefore, that the latent image is made up of atoms 
or molecules electronized by the action of light, and that it 
is upon these that the developer acts. 

In a recent paper, by C. E. K. Mees,’ this theory is up¬ 
held as to the initial action of light. “An objection to all 
these theories,” says Mees, referring to those which have to 
do with reduction either to subbromidc or to silver, that is, 
the chemical theories, “is that the energy available during 
exposure is not sufficient to produce an appreciable amount 
either of metallic silver or silver subbromide from normal silver 
bromide. This was first pointed out by Hurter, who, from 
consideration of the amount of energy which was liberated 
in the burning of a candle, came to the conclusion that the 
available energy was not one percent of that necessary to re¬ 
duce to silver subbromide the silver grains (he evidently means, 
“the silver bromide grains”) which eventually proved to be 
developable.” 

Mees gives the following calculations made by Dr. P. G. 
Nutting for a high speed plate: 

“Consider the exposure to fight which is sufficient, after 
full development, to produce a deposit of unit density; that is, 
one which will transmit one-tenth of the incident fight. A 
deposit which has this density contains ten milligrams of 
metallic silver per square decimeter, or one-tenth of a milli¬ 
gram per square centimeter, which represents roughly 10'* 
moles of silver, or 10^ grains 3 m in diameter. Now, the en¬ 
ergy of the amount of violet light required to give an exposure 
necessary to make an emulsion film developable to this density, 


1 Jour. Prank. Inst., 179, 146 (i9i5)- 
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is <rf the order of io“^ ergs per square centimeter. Therefore, 
each grain (which contains on the average, io‘* moles) receives 
io~“ ergs to makejt developable. We know that in order to 
detach one electron from a mole, 5 X 10“ “ ergs are required 

in the separate moles of a gas. Clearly, then, the energy 

indd'ent on a grain during exposure may be sufficient to affect 
only one mole in the grain, and the latent image, may be com¬ 
posed of grains in each of which, on the average, only one mole 
has lost an electron by the action of light.” 

Beyond the initial stages of the action of light Mees thinks 
the changes taking place are more likely purely chemical, 
since, considering the facts from the chemical standpoint, he 
is able to explain with greater satisfaction the phenomenon of 
ieversal. He is not in sympathy with Allen’s^ purely physical 
explanation on the basis of the electronic discharge. But 
more of this presently. 

It has been said, with truth, that no theory of the action 
of light on the photographic film can be considered satis¬ 
factory until it explains the phenomenon known as reversal 
or solarization. 

What is reversal? It is just this: with short exposure 
the latent image develops a negative, with longer exp>osure, 
a positive. How can this be explained on the basis of the theo¬ 
ries which we have studied? 

As late as 1912, Bancroft* states that “discussions up 
to the present on solarization have been merely qualitative. 
Ltippo-Cramer® has obtained data making silver bromide 
emulsions containing known amounts of colloidal silver ad¬ 
sorbed by the silver bromide.” With 0.002 percent silver 
in the bromide emulsion there was a distinct fogging on de¬ 
velopment. “With increasing amounts of silver the rate of 
blackening increased and the sensitiveness to light also in¬ 
creased to a maximum at about o.i percent silver, the latter 

* H. S. Allen: “Photoelectricity,” Longmans, Green & Co. (1913). 

» Eighth Int. Congr. of Applied Chem., 30, 51 (1913); Jour. Phys. Chem., 

I 7 f 93-153 (>913)- 

* Phot. Korr., 46, 536 (1909). 
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being about twenty-five times as sensitive as one containing 
0.4 percent silver. From 0.002 to o.oi percent we are dealing 
with the first negative. Somewhere beyond 0.1 percent silver 
we have the first positive.” Stating it in other words, Ban¬ 
croft says, ‘‘The latent image which gives rise to a negative 
under normal development consists of silver bromide with an 
excess of about 0.002 to o.i percent colloidal silver”—ad¬ 
sorbed or in soHd solution in the bromide. The reversed 
negative or positive image contains an excess of about 0.4 
percent silver. 

In another paper published by the 8th International Con¬ 
gress of Applied Chemistry, Bancroft drew the following con¬ 
clusions as to a further reversal; 

‘‘(i) If a second positive exists, it requires a very long 
exposure even with a very bright light. 

‘‘ (2) In many cases a false first positive or false mongrel 
may be obtained. 

‘‘(3) Since the emulsion on an ordinary plate is never 
homogeneous one really observes a combination solarization 
curve. 

“ (4) The inhomogeneity of the emulsion may easily 
account for the false positive or false mongrel. 

“ (5) With long exposmes we find great differences be¬ 
tween different boxes of the same make of plates and we even 
find some differences between plates in the same box.” 

In the light of Mees’ paper, ^ one can obtain a clearer 
idea of the whole process. He points out that if we plot a 
curve of the density (that is, of a fully developed plate) against 
a logarithmic scale of exposure—density increases with ex¬ 
posure to a maximum, as shown in the figure,* then decreases 
to a minimum and increases again to another maximum, and 
so on, each time the maximum point being smaller than the 
one preceding, the minimum points representing the positives. 
Such change of image and of density is known as reversal. 

* Jour. Frank. Inst., 179, 141 (1915)- 

‘ This curve is not drawn to scale, but is merely an approximation some¬ 
what similar to that given by Mees: Jour. Prank. Inst., 179, 146 (1915). 
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To rettim to his explanation of this phenomenon, Mees 
says that “tmder the continual influence of light (t. e., after 
the initial exposure, which he accepts as photo-electric) the 
silver bromide is broken up into metallic silver and bromine, 
as it is well known to do, the bromine given off from a much 
over-exposed plate being easily smelt. ^ Now, bromine ac¬ 
tually attacks exposed silver bromide, preventing it from being 
developed, so that it would seem likely that grains which have 
been completely decomposed by light simply suffered photo¬ 
electric change to the latent image. The gain in density ob¬ 
served with still more extended exposure may be ascribed to 
the actual production of metallic silver by long continued 
action of Ught, and indeed, such reduced silver can be shown 
to exist by fixing the exposed but undeveloped plate.” 



Fig. I 

(a) Period of underexposure. 

(ft) Maximum density of first negative. 

(c) Maximum brightness of first positive. 
id) Maximum density of second negative. 

(e) Maximum brightness of second positive. 

Going back to Meldola’s time, we find that he says,* 
‘^We must look upon the sensitive plate—say gelatino- 
bromide—as a film of silver bromide imbedded in a bromine¬ 
absorbing substance (gelatine) and bathed on its surface by 
atmospheric oxygen. When exposed to light the vehicle 
(«. e., gelatine, which may be considered as a sensitizer) be¬ 
comes brominated up to a certain degree of saturation; com¬ 
plex bromo-derivatives, or additive compounds, or oxidation 

1 Not«—^T he writer doubts this. 

* Meldbta: *‘Chem. of Photog./' p. 245. 
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products are formed, and these at length begin to react with 
the reduction product aided by the external oxygen. The 
process may be regarded as analogous to the destruction of 
the latent image by the haloid hydracids, and indeed it is not 
improbable that some hydrobromic acid is actually formed 
by the bromination of the gelatine, and takes part in the pro¬ 
cess of reversal.It is obvious that a highly sensitive 

plate would halogenize its sensitizer more rapidly than a less 
sensitive plate; that is why solarization occurs more readily in 
the most sensitive processes.” 

The main difference between Meldola’s idea and that of 
Mees (leaving out the initial photo-electric effect) lies in the 
r 61 e played by oxygen, yet the former admits that the phe¬ 
nomenon of reversal is still existent in the absence of oxygen.^ 

According to Mees’ idea, the most important distinction 
between the production of a normal negative image and a re¬ 
versed or positive image lies in the fact that in the first case 
we have simply a photo-electric effect, or driving off by light 
of one electron from each grain of the silver bromide, while 
in the latter case actual decomposition of the silver bromide 
particles takes place until the negative action of bromine, 
which is set free in the neighborhood of the grains, is suffi¬ 
ciently great to prevent the developer from attacking those 
grains. At the same time the grains which were less acted 
upon by the light are open to attack by the developer, thus 
producing, a positive, by reversing the image. 

The above energy calculation of Nutting, which Mees cites, 
is, however, a little ambiguous. He says that there are ap¬ 
proximately io*“ moles of silver per square centimeter of the 
emulsion, corresponding to 10^ grains in diameter. He 
assumes, evidently, that the silver grains have the same size 
as the bromide particles from which they are derived, and 
that these are of the maximum size and are all uniform. If 
his “10'^ grains 3M in diameter” refers to the silver bromide 
grains, then, after development instead of 10*^ moles of silver 
per grain there would be 0.5 X xo^® moles of silver. More- 

* See Abney’s "Treatise on Photog.,” 5th Ed., p. 309. 
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over, Mees assumes that it takes five hundred times more en¬ 
ergy to drive off an electron from a mole of a gas than that 
which will split off an electron from a mole of silver; however, 
it may be considered as a fairly reasonable assumption. 

Let us calculate the approximate amount of energy neces¬ 
sary to decompose one molecule in each grain of silver bromide 
and see how it compares with the energy as calculated by Mees 
necessary to split off an electron from that molecule. We 
have the reaction 

Ag -f- Br AgBr + 22700 calories. 

For each gram-mole of silver formed, therefore, 45,400 calories 
are required to decompose its equivalence of silver bromide 
and for o.i milligram of silver 0.042 calories or 1.76 X 10® 
ergs are necessary. Dividing this by 10** moles in o.i milli¬ 
gram, gives 1.76 X io~^® ergs per mole. In other words, 
about seventeen and a half times as much violet light would 
be necessary to decompose a mole of silver bromide as to split 
off an electron from it. 

If, instead of emplo)dng the exposure suggested by Mees 
for his hypothetical experiment we should begin to over-expose 
the plate, then as we increase the exposure there is no reason 
to suppose that a greater number of moles in each grain of 
silver bromide would not throw off electrons. Soon those 
moles which have been exposed the longest would begin to 
decompose. Mees does not give the time of exposure upon 
which his calculations were based, but supposing it were as 
small as 0.001 of a second, and that only one mole in each 
grain could be acted on for each instant of exposure (this is 
obvious from the above consideration) it would require about 
sixty-six years to drive off one electron each from the 10*® 
moles of bromide in one grain of the latter. To completely 
decompose all the moles each grain contains would require about 
seventeen and a half times this long, or over one thousand years. 
Even though these figures may not- come within a htmdred 
percent, even within a thousand percent of being correct, we 
can see why silver bromide when exposed to the light even for 
a comparatively long time apparently does not all decompose. 
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Of cotirse, with the whole spectrum (including the ultraviolet 
light) the time for decomposition would be much shortened, 
and still further so since many grains are smaller than 3^. 

Allen’s view of reversal,* as stated by Mees,* is that “elec¬ 
trons are expelled and become attached to the surrounding 
gelatine moles; external stimulus, such as radiations of longer 
wave length, enable the electrons to enter again into com¬ 
bination with the atoms from which they are liberated, due 
to electrostatic forces between oppositely charged particles. 
If recombination is not assisted, the electrostatic field increases 
under the influence of light, and self-neutralization takes place 
as suggested by Joly.” 

Assembling all these ideas, we might say that when the 
light begins to act, electrons are driven off from one mole 
after another until the point is reached when sufficient light 
has acted to start decomposition of the bromide. As the 
negative electrons are expelled from the bromide particles, 
the latter become charged positively. On decomposition, 
the bromine being likewise expelled, or split off (and possibly 
absorbed, as Meldola said, by the surrounding gelatine) leaves 
the residue of silver, which may be considered as dissolved 
(as a solid solution) in the surrounding bromide particle, charged 
positively. This may account for the latent image not being 
destroyed, or greatly affected, when it is formed, on exposure 
of the sensitive film in the presence of nitric acid. It should 
be noted that this idea does not necessarily imply the initial 
formation of colloidal silver, in fact, the colloidal state could 
not be reached until a sufficient number of molecules of the 
electrically charged silver had been formed to produce a col¬ 
loidal particle, which, according to Ostwald’s classification* 
has a diameter not exceeding 100 nn and is not smaller than 

I jUM- 

As the particles become more and more decomposed by 

‘ A. H. Allen: “Photoelectridty,” Longmans, Green & Co. (1913)- 

® hoc. cit. 

® Wo. Ostwald: Grimdriss der allgemeinen Chemie, 548 (1909); also von 
Weimam and Wo. Ostwald, Zeit. Kolloidchemie, 3, 26 (1908), 
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the Kght we might consider three things as happening. Firsts 
the positive electrification of the silver bromide becomes 
greater and greater in consequence of more and more elec¬ 
trons being expelled, and this would sooner or later result 
in a self-neutralization of the electrostatic forces, as explained 
by Allen. Secondly, the gelatine immediately surroimding 
the bromide particle would become saturated with bromine 
and this would then tend to be given off as the gas, thus leaving 
a residue of silver behind—this would only happen on very 
long exposure, of course. Finally, since all molecules possess 
the property of rapid motion, some, if not all of the charged 
silver particles resulting from decomposition might find their 
way to the surrounding gelatine, and combine with it. This, 
too, would help to explain the lack of action of nitric acid 
above spoken of. 

When the plate is developed an image will result pro¬ 
vided the exposure has not been less than enough to produce 
the electronic discharge, or provided it has not been given an 
exposure just equal to that which will produce self-neutraliza¬ 
tion. Just over this exposure electronization may set in again, 
but wherever sufficient free bromine is in the vicinity of the 
particles of silver bromide the action of the developer may be 
prevented as explained by Mees. 

It has been pointed out to me recently that the presence 
of gelatine or other material surrounding the grain is not 
necessary in order to produce a picture. This seems per¬ 
fectly obvious, the old daguerreotype process being a sufficient 
proof of it. Our theories of the nature of the photographic 
change must, therefore, be independent of the presence of the 
gelatine on the plate, however much that presence may assist 
the process. 

The author of the present paper is about to undertake 
some experimental work on reversal and this paper may be 
considered as a preliminary introduction to the work. 

Chemical Laboratory 
Washington University 

St. Louis, Mo. 

April, igis 



ON THE REACTIONS OF BOTH THE IONS AND THE 
MOLECULES OF ACIDS, BASES AND SALTS 

THE REACTION OF SODIUM ETHYLATE WITH 

ethyl bromide and ethyl iodide in 

ABSOLUTE ETHYL ALCOHOL AT 25° 

BY E. K. MARSHALL, JR. AND S. P. AGREE 
[Twentieth Communication on Catalysis]^ 

In March, 1905,^ Brunei and Acree began to measure the 
conductivities of urazoles and their salts and the velocities 
of their reactions with alkyl halides, to learn whether both 
the urazole ions and the nonionized urazole salts are active. 
Up to that time chemists had generally believed that the ions 
are the only portions of electrolytes which show any consider¬ 
able activity. The contribution from our laboratory, there¬ 
fore, was in calling the attention of chemists to the proof 
of the large activity of nonionized electrolytes, to which Kahlen- 
berg,® especially, and also MichaeF and Armstrong, had so 
often and ably directed their efforts. The work of Blanksma,® 
and later of Johnson and Acree* in 1907, on the rearrangement 
of acetylchloraminobenzene (CHsCONClCsHs) in the presence 
of hydrochloric acid was interpreted by Johnson and Acree 
as a decomposition of the nonionized salt, CHsCONHCLCeHj, 

the cation, CH3CONHCIC0H6, seeriiing to enter into the re¬ 
action to a very small extent only, if at all. We gave the 

‘ For the earlier papers see Am. Chem. Jour., 49, 474 (1913). Jour. 
Chem. Soc., 105, 2582 (1914). This work was finished in 1910-1911 and with¬ 
held from publication till this chapter could be more nearly completed. As Dr. 
Marshall has withdrawn from the investigation on account of other duties it 
seems wise to present the experimental evidence without further delay. We 
are indebted to the Carnegie Institution of Washington for aid in this work.— 
S. F. Acree. 

® Am. Chem. Jour., 43, 505 (1910). 

* Jour. Phys. Chem., 5, 339 (1901); 6, i (1902). 

* Am. Chem. Jour., 43, 322 (1910). 

^ Rec. trav. chim. Pays-Bas, 21, 366 (1902); 22, 290 (1903). 

® Am. Chem. Jour., 37, 410; 38, 266 (1907); 41, 461 (1909). 
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equation X ot{K — xy for the ionic reaction/ 

as Arrhenius, .Ostwald, Walker, Stieglitz, Bredig, Goldschmidt, 
Lapworth and others had done before, and then gave the 
equation dx/dt = (i — a)(A — «)* for the activity 

of the “undissodated acid, base or salt,”* the first time this 
latter equation was ever used for the large® activity of a 
nonionized electrolyte. 

In May, 1908, Rogers and Nirdlinger^ completed their 
work on the action of ethyl iodide on sodium i-phenyl-3- 
thiourazole in absolute alcohol at 25 which showed beyond 
question that the ethyl iodide reacts with the urazole anion with 
a velocity Ki = 0.43 and also with the nonionized sodium urazole 
with a velocity K* = 0.17. The same work was repeated re¬ 
cently, under somewhat better conditions, by Dr. J. Chandler, 
who finds nearly the same values, K< = 0.46 and Km = 0.16, 
Dr. S. K. Loy, in 1909, and Dr. H. C. Robertson, Jr., in 
1910, did work with alkyl halides and sodium ethylate and 
sodium phenolate,® respectively, which showed clearly that 
the ethylate and phenolate ions react side by side with the 
nonionized sodium ethylate and sodium phenolate. 

Since 1908 our efforts have been to apply our theory to 
as many cases as possible involving interreactions or metatheses, 
such as CzHjONa -f- IC2H6—► (C 2 H 6)20 -|- Nal, and purely 
catalytic changes, such as C2H60Na + CHsC: N + C2H,,0H 
C2H50Na -f CH8C(;NH)0C!H6, and intramolecular rearrange¬ 
ments, such as 


‘ Shadinger and Acree: Am. Chem. Jour., 39, 227 (1908). 

2 Ibid., 39, 228 (1908). 

* Stieglitz (Jour. Am. Chem. Soc., 35, 1774(1913)) states that he looked 
upon the decomposition of free imidoesters as the slow change of a nonionized 
electrolyte. Although our theory had already appeared (Am. Chem. Jour. 37, 
410; 38, 258 (1907)) Stieglitz overlooked the possibility that the “salt effect” 
discussed by him in his papers of 1908 could be due to the nonionized imidoester 
salts and has only recently used our equations to reinterpret his results in the 
light of this theory that both the ions and the molecules of imidoester salts 

be hydrolyzed (Jour. Am. Chem. Soc., 34 » 1687, i688, 1689, 1690, 1694 (1912)) 

^ Am. Chem Jour., 43, 519 (1910); 49, 116 (1913). 

• Ibid., 43, 519 (1910); 49, 474 (1913). 
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CH,CONClC<fl» + H + Cl CH,C 0 NHCl 2 C. H* —> 

CH,C 0 NHC«H 4 C 1 + H + Cl. 
These three, together with oxidation and reduction, are the 
most important classes of reactions. Since we have foimd 
our theory to hold in about thirty cases worked out by us 
in both concentrated (N/i to N/32) and ideal {N/32 to N/2048) 
solutions and in our reinterpretation* of the work of Arrhenius, 
Ostwald, Koelichen, Tubandt, van Dam, Bredig, Goldschmidt, 
Stieglitz, Holmberg, Senter, Walker, Conrad and his co¬ 
workers, Segaller, Bruyn, Lulof, Steger, and others, on organic 
reactions, and in certain inorganic reactions, and especially 
as Arrhenius,® Goldschmidt,® Bredig,® Biddle,® Stieglitz,* 
Holmberg,® Dawson,* Ealpi,® Worley*® and others are now 
beginning to use this theory, we are now bringing out the de¬ 
tails of our work. We wish to emphasize** that we realize 
that we must later correct the data for certain “abnormal 
salt effects” when we study more fully other possible side 
reactions, and the physical factors, such as viscosity, solva¬ 
tion, ionic velocities, electronic phenomena, and the reaction 
velocities in very dilute solutions in all cases. 

The present communication deals with the study of the 
reaction between ethyl bromide and sodium ethylate and ethyl 
iodide and sodium ethylate, in absolute ethyl alcohol at 25°. 
The experimental methods used have been described in some 
detail in former papers.'® The ionization was measured by 

* Am. Chem. Jour., 48, 352 (1912); 49 » 345. 369 (i9>3). 

* Arrhenius and Taylor: Memoirs of the Nobel Institute, Vol. 2, Nos. 
34 . 35 . 37. 

® Zeit. Elektrochemie, 15, 6 (1909); Zeit. phys. Chem., 70, 627 (1910). 

<Zeit. Electrochemie, 18, 535. 543 (1912); Zeit. phys. Chem., 85, 129, 
170, 211 (1913)- 

* Jour. Am. Chem. Soc., 36, 99 (1914) and earlier papers. 

«Jour. Am. Chem. Soc., 34, 1687, 1688, 1689, 1690, 1694 (1912); 35, 1774 

(19x3). ' 

^ Zeit. phys. Chem., 84, 451, 468, 469 (19x3)* 

® Jour. Chem. Soc., 103, 2135 (1913)- 

* Zeit. phys. Chem., 86, 427, 644, 740 (1913). 

Phil. Mag,, (5) 27, 459 (19x5)- 

XX Am. Chem. Jour., 49, 485 (19x3) and earlier papers. 

X* Am. Chem. Jour., 49, 116, 127, 369, 486 (1913) and earlier papers. 
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Dr. H. C. Robertson, Jr., to whom we are greatly indebted 
for this and other valuable aid. 

The data presented here harmonize with the idea that the 
alkyl halide reacts with both the ethylate ion and the non- 
ionized sodium ethylate according to the equation Kn = K<a + 
K«(i — a), developed in the earlier papers.' The values 
K< = 0.00576 and K« = 0.00233 found by us for ethyl bromide 
and sodium ethylate at 25° agree closely with K,- = 0.00557 
and Km = 0.00232 observed by Dr. Julia Peachy Harrison 
in a repetition of this work, and the same is seen in the tables 
on page 606 to hold for the work on ethyl iodide and sodium 
ethylate. 

The best confirmation of our theory, however, comes from 
the study of the reactions of ethyl bromide (and also methyl 
iodide and ethyl iodide) with potassium ethylate and lithium 
ethylate. If oin theory is correct we shotdd find the same* 
value for the activity of the ethylate ion, whether it comes from 
sodium, potassium or lithium ethylate. But the nonionized 
sodium, potassium and lithium ethylates are different substances 
and could, therefore, react with different velocities with ethyl 
bromide. The confirmation of our theory hes in the fact that 
Dr. Harrison and Dr. Shrader, in work on ethyl bromide and 
potassium and lithium ethylates, have actually found prac¬ 
tically the same values for K», but different values for Km, 
which are shown in the following table: 




K< 

Kw 

Dr. Marshall: sodium ethylate and ethyl 
bromide 

Dr. Harrison: the same 

Dr. Harrison: potassium ethylate and ethyl 
bromide 

Dr. Shrader: lithium ethylate and ethyl 
bromide 

0.00576 

0.00543 

0.00539 

0.00574 

0.00233 

0.00237 

0.00296 

0.00157 


1 Am. Chem. Jour., 37,410; 38, 258 (1907): 43.5i9 (t9ro); 48,35a (191a); 
49, 477 (1913). 

* See Ibid., 39, 229 (1908); 43, 507, 519 (1910); 48, 35a (191a) and later 

papers. 
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Our work on sodium ethylate and ethyl iodide at 25° 
in the second section of the experimental portion gives the 
values K. = 0.0120 and K», = 0.00427 found in Table XIV. 
These agree very weU with the data K; = 0.0122 and K« = 
0.00402 obtained by Dr. Shrader in his repetition of this work. 
In confirmation of this theory Dr. Shrader and Dr. Harrison 
have found that potassium and lithium ethylates and ethyl 
iodide give practically the same values for K,- but different 
values for Km shown in the following table: 


Dr. Marshall: sodium ethylate and ethyl 
iodide 

Dr. Shrader: the same 

Dr. Harrison: potassium ethylate and ethyl 
iodide 

Dr. Shrader: lithium ethylate and ethyl 
iodide 


o 0120 
0.0122 

j 0.0122 

I 

' 0.0121 


Km 


0.00427 
o.00402 

0.00457 

0.00304 


In later articles giving our work on the reactions of methyl 
iodide, ethyl iodide and ethyl bromide with sodium, potassium, 
and lithium ethylates and phenolates we shall show that each 
alkyl halide gives practically the same value for its K,-, what¬ 
ever the ethylate or phenolate used, but that the nonionized 
ethylates and phenolates react with different velocities with 
the same alkyl halide, in conformity with our theory. 

The best evidence for our theory comes, not from the 
above work in concentrated solutions, but from the investiga¬ 
tions of Dr. E. K. Marshall,’ Dr. Julia P. Harrison,’’ and Dr. 
C. N. Myers® on the purely catalytic action of dilute solutions 
(iV/32 to A^/2048) of sodium, potassium and lithium ethylates 
on the reversible addition of ethyl alcohol to nitriles, 
RC ! N -f HOCsHs + NaOC*H* ±5: RC(: NH)OCiH6 -|- NaOCjHs. 
Dr. Myers’ investigations on p-bromobenzonitrile show beyond 
question that both the ethylate ions and the nonionized ethylates 


‘ Am. Chem. Jour., 49, 127 (1913)- 

• Ibid., 49, 369 (1913)- 

* Ibid., 49, 122, 132, 485 (1913)- 
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must be considered active even in the ideal or dilute solutions. 
In accordance with the theory he obtains the same value for 
K4 for the ethylate ion common to all three ethylates, but 
different values for the activity, K«, of the three nonionized 
ethylates. Sodium ethylate gave the values Eli — 0.161 and 
El,„ *= 0.158, potassium ethylate gave K4 = 0.163 K„ = 
0.144, while lithium ethylate gave K, = 0.159 and K« = 0.093. 
Dr. Marshall and Dr. Harrison fovmd the values K* = 0.1172 
and K» = 0.0976, and Ki = 0.344 = 0.228 in their 

work on the action of sodium ethylate on benzimidoethylester 
and acetimidoethylester, respectively. 

Salt Catalysis 

Arrhenius called the deviation from the purely ionic 
reaction a “salt catalysis.” This same idea has been used 
since by Euler* and by Stieglitz,* both of whom believed that 
this change in velocity in reactions involving water is due to 
a change in the ionization of the water. We have shown in 
another article® that though his ideas have much for praise, 
Stieglitz’s own very fine work shows that his reaction velocities 
do not increase with rise in temperature anywhere nearly as 
much as the increase in the ionization of the water demands. 

In our theory of salt catalysis we broke away* entirely 
from the purely ionic reaction of chemical activity and began 
to investigate whether the so-called “salt catalysis” may not 
be due in part or in whole to the activity of the nonionized 
electrolytes. We proved experimentally that the added salt or 
other electrol)rte may have a “normal salt effect” arising from 
the changes in ionization conforming to the Arrhenius theory of 
isohydric solutions, and may also have an extra specific “ab¬ 
normal salt effect” not yet understood. This theory has been 


*Zeit. phys. Chem., 32, 348 (ipcw); Ber. deutsch. chem. Ges., 39, 2726 

(1906). 

'Am. Chem. Jour., 39, 29, 166, 402, 437, 586, 719 (1908): Jour. Am. 
Chem. Soc., 32, 221 (1910); 34, 1687 (1912): 35, 1774 (1913). 

' Am. Chem. Jour., 41, 466-483 (1909); 48, 369-372 (1912). 

* 38, 273 (1907); 39,230 (1908); 48, 356 (1912) and later papers. 
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recently accepted and used generously by Arrhenius* and 
Stieglitz.® It should be suggested that the “abnormal salt 
effects'’ perhaps involve electronic transfers through portions 
of the electrolyte not directly concerned in the reaction. In 
this connection we wish to emphasize especially that the addi¬ 
tion of neutral salts in our own and the reactions studied by 
others seems to keep the reaction velocities much more con¬ 
stant, especially toward the end of the reaction. These facts 
will be discussed later in great detail. 

That there may be a small “abnormal salt catalysis’’ 
in the present data can be seen from the following: Suppose 
that there is a small negative salt catalysis proportional to 
the total concentration of sodium ethylate, or sodium bromide 
formed, irrespective of the ionization, the factor being 8 percent 
per gram molecule. The equation Kn = lK<a -f- K„(i — 
a)][i — o.o8 Csait] then gives us the true values for K,a -t- 
K«(i — a) = K'n found in Table XVI instead of those in 
Table XI. From these new values of K'n we find the values 
for K< and Km given in Table XVI, namely K< = 0.00540 and 
Km = 0.00260, respectively. These differ only slightly from 
those found by Dr. Harrison for potassium ethylate and by 
Dr. Shrader for lithium ethylate and the differences may then 
be considered close to the experimental errors. 

In the work on sodium ethylate and ethyl iodide at 25® 
in the second section of the experimental portion we give in 
Tables XVII and XVIII the data that would be obtained for 
K,- and Km if the sodium ethylate, or sodium iodide formed, 
can exert a positive “ abnormal salt effect ’ ’ of 8 percent per gram 
molecule of total salt, ionized or nonionized. It is seen in 
Table XVIII that K,- and Km are changed from 0.0120 and 
0.00427, found in Table XIV, to 0.0132 and 0.00372, respec¬ 
tively. This positive “abnormal salt catalysis’’ of 8 percent 
per gram molecule therefore lowers the K< about 9 percent 

‘ Arrhenius and Taylor; Memoirs of the Nobel Institute, Vol. 3 , Nos. 
34 . 3 S. 37 - 

‘Jour. Am. Chem. Soc., 34, 1687, 1688, 1689, 1690, 1694 (i9>;‘); 35 > 
‘774 (J 9 ‘ 3 ). 
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and raises the K* about 14 percent. These values are much 
larger than the experimental errors of the work. This shows 
us that a small “abnormal salt catalysis” may be involved 
in all the values of K< and K« calculated by the above methods, 
even though we secure excellent agreement among the values 
for Kj from the sodium, potassium and lithium ethylates. 
We are, therefore, justified in concluding that the “abnormal 
salt effect,” whether small or large, is about the same for all 
three of these ethylates. We cannot determine the exact 
magnitude until our work in the dilute solutions is completed, 
but the work of Dr. B. Marion Brown on the influence of sodium 
iodide on the reaction of methyl iodide with sodium ethylate 
at 25 ° seems to show conclusively that both the sodium iodide 
and sodium ethylate have a measurable influence on the re¬ 
actions of the ethylate ions and nonionized sodium ethylate. 
In order to secure the data necessary for a final solution of 
this problem of “abnormal salt catalysis” much more work is 
needed. 

Experimental 

The reactions of sodium ethylate with the alkyl halides 
have been studied by several investigators, most notably 
Hecht,’ Conrad and Bruckner, and Conrad^ and Bruckner. 
That these workers did not consider these reactions as even 
ionic, much less both ionic and molecular in the sense that we 
use in our theory, is shown by their statement:® “Da dieses 
Gesetz fiir die Elektrolyte allgemeine Giiltigkeit besitzt, 
so war es von Interesse zu untersuchen, ob dasselbe auch auf 
nichtleitende (Italics ours!) Korper, wie Alkylhaloide und 
Metallalkylate, ausgedehnt werden darf.” Furthermore, Con¬ 
rad and his workers apparently never made any conductivity 
measurements with the ethylates in alcoholic solutions, which 
Bruyn and Tijmstra^ and also Dr. H. C. Robertson, Jr., 
have found to be comparatively strong electrol)rtes. These 

» Zeit. phys. Chem., 3, 450; 4, 274 (1889); ,5, 289 (1890). 

* Ibid., 4, 631 (1889); 7, 274, 283 (1891). 

* Ibid., 5, 289 (1890). 

* Ibid,, 49, 345 (1909). 
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investigators showed that the velocity of the reaction increases 
with dilution,* they tneasured the increase in reaction velocity 
with the rise in temperature, and they proved that the formula 
Kn — K< = a log V, or more generally K'n — Kn = a log 
(V'/V) in which K'n and Kn represent V'Kv' and VKv, as 
used in our former articles, gives very close agreement between 
their found and calculated reaction velocities. This equation 
took no account of the changes in ionization and we® have 

now found that it holds because the equation a = ^= 

log (V'/V) 

" log (V'/V) — denved from a companson of our 

equation Kn = K,a + K„(i — a) with theirs. The dilution 
^ 

formula, log/yyv) ~ from these equations has 

been found to hold fairly closely for all of our concentrated 
solutions of strong and weak electrolytes in alcohol and we 
shall attempt to extend this to all other known data on ioniza¬ 
tion. 

The experimental methods described in previous papers 
have been used, with modifications, in the present studies. 
The reaction was followed by titrating the ethylate with acid, 
the values given for A and x representing the number of cc 
of N/i, N/2, N/4, etc., acid required to neutralize 20 cc or 
40 cc portions in the presence of methyl orange. The unit 
of time, t, is the minute. When the values of Kv, Kv', Kv 
are multiplied by V, V', V", etc., we obtain Kn, K'n, K"n, 
etc., the reaction velocities of normal solutions having the 
ionizations corresponding to the concentrations i/V, i/V', 
i/V", etc. A comparison of the simultaneous equations 
Kn = K<a + K„(i — a), K'n = K,-a' + K„(i — a'), K"n = 
Kja" -f K»(i — a") which are solved by the use of the equa- 

^ Ibid., 5, 289 (1890). Dr, J. H, Shrader (Jour, Chem. Soc., 10$, 2582 
(1914)] and Dr. W. A. Taylor have reinterpreted their excellent data by the 
use of our theory and shown that both the ethylate ions and nonionized sodium 
ethylate seem to be active. 

* Shrader and Acree: Jour. Chem. Soc., 105, 2582 (1914)- Dr- W. A. 
Baylor will soon publish his results along this line. 
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tious K< 


and K„ 



gives us the values of Ki and K«„ as illustrated in Table 
XIII of both sections. Those values of K< and K», with 
asterisks involve smaller errors in «' —«, but the average of 
these is practically the same as the average of all the values of 
K< and K«„ as can be seen in Table XIII of both sections. K< 
and K« represent the velocities of the reaction of a gram equiva¬ 
lent of ethylate ions, and of nonionized sodium ethylate, respec¬ 
tively, with a gram molecule of the alkyl halide in one liter. 
When the average values of K, and Km are substituted in the 
equation Kn = K.a Km(i — a) we obtain the theoretical 
reaction velocity, “Kn Calculated,” which is compared with 
“Kn Found” in order to give the experimental “Error in 
Percent” shown in Table XIV of both sections. The percent 
of reaction due to ions and that due to molecules are given 
in Table XV of both sections. The values of a are taken 
from^ a former article. 


The addition of considerable quantities of ether and sodium 
iodide to some of the reaction mixtures shows that the small 
amounts of these substances formed during the time periods 
measured have no great effect on the reaction velocities, as is 
also shown in the next communication on this subject. 

Sodium Ethylate and Ethyl Bromide at 25° C 
Table I Table II 

N Sodium Ethylate and N Ethyl N Sodium Ethylate and N Ethyl 
Bromide Bromide 

A = 10.00 A = 10.00 


t 

X 

Kv 

t 

X 

Kv 

[ 30 

0.819 

0.00297] 

60 

1-459 

0.00284 

60 I 

1.486 

0.00291 

90 

2.056 

0.00287 

90 I 

2.064 

0.00289 

120 

2.557 

0.00286 

no 

2.413 

0,00289 

150 

3.003 

O.OO2S6 

130 

2.703 

0.00289 

170 

3.260 

0.00285 


Mean = 0.00290 
Kn = 0.00290 


Mean 0.00286 
Kn = 0.00286 


‘ Jour. Hiys. Chem., 19, 407 (1915). 



On the Reactions of lons^ Etc. 


599 


Table III 

0.5 N Sodium Ethylate and^ 
0.5 N Ethyl Bromide 
A = 10.00 


Table IV 

0.5 N Sodium Ethylate and 
0.5 N Ethyl Bromide 
A = 10.00 


t 

X 

Kv 

30 

0.452 

0.00157 

50 

0.724 

0.00154 

70 

0.980 

0.00155 

100 i 

1342 

0.00155 

130 1 

1.690 

0.00156 

160 j 

1,990 

0.00155 

[1180 1 

6.366 

0.00149] 


Mean = 0.00155 
Kn = 0.00310 


t 

X j Kv 

50 

0.738 j 0.00159 

80 

I.II2 1 0.00156 

110 

1.444 j 0.00154 

140 

1.800 1 0.00157 

170 ‘ 

2.090 0.00155 


Mean = 0.00156 
Kn = 0.00312 


Table V 

0.25 N Sodium Ethylate and 
0.5 N Ethyl Bromide 
A = 10.00 B = 20.00 


t 

X \ 

Kv 

[20 

1 

0.296 

0.000756] 

50 

0.808 

0.000858 

80 

1.216 

0.000836 

no 

1.612 

0.000842 

170 

2.360 

! 0.000843 

1260 

7.760 

0.000796 


Mean = 0.000845 
Kn = 0.00338 


Table VI 

0.25 N Sodium Ethylate and 
N Ethyl Bromide 
A = 10.00 B = 40.00 


t ! 

X 

Kv 

[20 

0.62 

0.000806] 

40 

1.26 

0.000854 

60 

1.82 

0.000856 

80 

2.33 

0.000854 

100 

2.77 

0.000843 


Mean ~ 0.000852 
Kn = 0.00340 
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Table VII 

0.125 N Sodium Ethylate and 
AT Ethyl Bromide 
A = lo.oo B = 80.00 


i 

X 

Kv 

50 

1.68 

0.000465 

80 

2.52 

0.000461 

100 

3.03 

0.000461 

120 

3-53 

0.000463 

140 

3 96 

0.000463 

[275 1 

6.12 

0.000452] 


Mean = 

= 0.000463 


Kn = 

= 0.00370 


Table VIII 

0.125 N Sodium Ethylate and 
N Ethyl Bromide 
A = 10.00 B = 80.00 


t 

X 

Kv 

60 

1.98 

0.000465 

82 

2.61 

0.000466 

100 

3 05 

0.000463 

120 

3*51 

0.000461 

140 

3-95 

0.000461 

160 

4-34 

0.000458 


Mean = 0.000462 
Kn == 0.00370 


Table IX 

0.0625 N Sodium Ethylate and 
0.5 N Ethyl Bromide 
A = 20.00 B = 160.00 


t 

X 

Kv 

50 

1.86 

0.000244 

80 

2.92 

0.000249 

HO 

392 

0.000251 

130 

450 1 

0 000249 

150 

5.12 i 

0.000249 


Mean = 0.000248 
Kn = 0.00397 


Table X 

0.0625 Sodium Ethylate and 
0.5 N Ethyl Bromide 
A = 20.00 B = 160.00 


t 

X 

Kv 

60 

2.20 

0.000244 

80 

2.88 

0.000244 

100 

3*6i 

0.000251 

130 

4.51 

0.000249 

150 

513 

0.000250 


Mean = 0.000247 
Kn == 0.00395 
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Tablb XI —Kn Found for Sodium Ethyi<ate and Ethyl 
Bromide at 25® 


Cone. NaOCjHj 

V 

Kn 

Kn (Average) 

.. . 

1 

2 

4 

8 

16 

Table XII 

0.00290 

0.00286 

0.00310 

0.00312 

0.00338 

0.00340 

0.00370 

0.00370 

0.00397 

0.00395 

—Ionization of Sodium ] 

0.00288 

0.00311 

0.00339 

0.00370 

j 

1 0.00396 

1 

Ethylate at 25 ° 

V 


CL 

I —a 

1 


0, 148 

0.852 

2 


0.234 

0.766 

4 


0.312 

0.688 

8 


0 393 

0.607 

16 


0.481 

0.519 

32 


0.577 

0.423 

40 


0.605 

0.395 


Table XIII — K; and K„ Found for Sodium Ethylate and Ethyl 

Bromide at 25° 


i 

K» 

Km 

V = r:V = 2 

0.00527 

0.00248 

V = I :V = 4 

0.00533 

0.00242 

V = I:V = 8 

0.00573* 1 

0.00238* 

V = l;V =* 16 

0.00567* 

0.00240* 

V * 2:V = 4 

0.00586 

0.00228 

V = 2;V = 8 

0.00595* 

0.00224* 

V = 2:V = 16 

0.00575* 

I 0.00230* 

V = 4:V = 8 

0.00602 

0.00220 

V - 4;V = 16 

0.00571* 

0.00235* 

V = 8;V » 16 

0.00550 

0.00253 


Mean, 0.00570 0.00236 

Mean,* 0.00576 0.00233 


‘ The average of all values with stars. 
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Tablb XIV-— Kn Cabctjbatbd and Found for Sodium ETHVUA'm 
AND Ethyl Bromide at 25° 




Kn calculated 

Variation in percent 
from Kn found 

V 

Kk found 

i 






K** « 0.00570 

K^ »= 0.00576 

(i) 

(*) 



Km =* 0.00236 

Km =0.00233 

I 

0.00288 

0.00285 

0.00284 

—1.0 

— 1-3 

2 

0.00311 

0.00314 

0.00313 

+ 1.0 

-fo.6 

4 

0.00339 

0.00340 

0.00340 

+0.3 

-t-o .3 

8 

0.00370 

0.00367 

0.00368 

—0.8 

— 0-5 

16 

0.00396 

0.00396 

0.00398 

0.0 

-1-0.5 


Table XV—Percent of Reaction Due to Ions and to Mole- 


CULES 

Concentration of 
NaOCjHs 

V 

Percent of reaction 
due to aKf 

Percent of reaction due 
to (i —o)Km 

I { 

30.0 

70.0 

2 1 

43-1 

569 

4 i 

52.9 

47-1 

8 

61.5 

38.5 

16 

69.6 

304 


Table XVI—^Kn for Sodium Ethylate and Ethyl Bromide at 
25®, Corrected for a Negative Salt Catalysis of 8 Percent 
Per Gram Molecule of Sodium Ethylate 


V 

a 

1 —a 

Kn calculated 

Kn corrected for 
salt catalysis 

I 

0.148 

0.852 

0.00284 

0.00307 

2 

0.234 

0.766 

0.00313 

0.00326 

4 

0.312 

0.688 

0.00340 

0.00347 

8 

0.393 

0.607 

0.00368 

0.00372 

16 

0.481 

0.519 

0.00398 

0.00400 
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Table XVII— and K„ Found for Sodium Ethylate and 
Ethyl Bromide at 25°, Corrected for a Negative Salt 
Catalysis op 8 Percent Per Gram Molecule op 
Sodium Ethylate 


K. 

K« 

V = i.V = 2 

0.00495 

0.00274 

V = I :V == 4 

0.00515 

0.00271 

V = i:V = 8 

0.00533 

0.00268 

V = i:V = 16 

0.00545 

0.00266 

V = 2:V = 4 

0.00532 

0.00263 

V = 2 : V = 8 

0.00534 

0.00259 

V = 2:V = 16 

1 0.00555 

0.00256 

V = 4:V = 8 

0.00559 

0.00251 

V = 4:V = 16 

0.00563 

0.00249 

V = 8;V = 16 

0.00565 

0.00247 


Av., 0.00540 

0.00260 


Sodium Ethylate and Ethyl Iodide at 25° C 

Table I Table II 

N Sodium Ethylate and N Ethyl N Sodium Ethylate and N Ethyl 
Iodide Iodide 

A = 10.03 A = 10.03 

t 

X 

Kv 

t X 

Kv 

20 

1.003 

0.0055 

20 I . 042 

0.0058 

30 

1.452 

0.0056 

30 1*424 

0.0055 

40 

1.830 

0.0055 

40 1.787 

0,0054 

50 

2.168 

0.0055 

50 2.134 

0.0054 

60 

2.370 

0.0052 

60 2.455 

0.0054 


Mean « 0.00546 

Mean = 

= 0.00543 


Kn = 

* 0.00546 

Kn = 

= 0.00543 
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Tabi^ III 

o.s N Sodium Ethylate and 
0.5 N Ethyl lo^de 
A » 9.99 


/. 

X 

Kv 

30 

40 

50 

60 

70 

0.83 

1.09 

1.32 

1.53 

1-73 

0.00305 

0.00306 

0.00305 

0.00302 

0.00300 

0.25 N 
0. 

A = 

Mean = 0.00304 

Kn == 0.00608 

Table V 

Sodium Ethylate and 
5 N Ethyl Io(hde 
: 10.02 B = 20.04 

t 

X 

Kv 

40 

50 

60 

70 

80 

1.24 
1-52 
1.76 
2.02 

2.25 

O.OOI7I 

O.OOI7I 

0.00169 

0.00169 

0.00169 


Mean = 0.00170 
Kn *= 0.00680 

Tablb VII 

0.125 N Sodium Ethylate and 
0.5 N Ethyl Iodide 
A * 10,00 B * 40.00 


/ 

X 

Kv 

40 

1.30 

0.000881 

60 

1.94 

0.000918 

80 

2.50 

0.000928 

100 

301 

0.000932 

120 

3.34 

0.000886 


Tabi.® IV 

0.5 N Sodium Ethylate and 
0.5 N Ethyl Iodide 
A * 9.98 



X 

Kv 

20 

0.58 

0.00307 

30 

0.84 

0.00306 

40 

1.09 

0.00306 

50 

1-33 

0.00306 

60 

1-55 

0.00305 


Mean ~ 0.00306 
Kn = 0.00612 

Tablb VI 

0.25 N Sodium Ethylate and 
0.5 N Ethyl Iodide 
A = 10.00 B = 20.00 


/ 

X 

Kv 

20 

0.64 

0.00168 

40 

125 

0.00170 

60 

1.77 

0.00170 

80 

2.21 

0.00166 

100 

2.68 

0.00168 


Mean = 0.00168 
Kn = 0.00672 

Table VIII 

0.125 ^ Sodium Ethylate and 
0.5 N Ethyl Iodide 
A « 10.00 B » 40.00 


t 

X 

Kv 

40 

1*34 

O.OOO9H 

60 

1.97 

0.000937 

80 

2.50 

0.000928 

100 

2.98 

0.000921 

120 

3 46 

0.000928 


Mean = 0.00091 
Kn * 0.00728 


Mean = 0.000925 
Kn = 0.00740 
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TablB IX 


Tabl« X 


0.0625 N Sodium Ethylate and 
0.25 N Ethyl Iodide 
A »* 20.00 B = 80.00 


t 

X 

Kv 

40 

I.5B 

0.000518 

60 

2.34 

0.000525 

80 

2.96 

0.000509 

100 

3.60 

0.000506 

120 

4.20 

0.000504 


0.0625 N Sodium Ethylate and 
0.25 N Ethyl Iodide 
A = 20.08 B ~ 80.32 


t 

X 

Kv 

40 

1-55 

0.000506 

60 

2.27 

0.000506 

80 

2.94 

0.000502 

100 

3 52 

0.000493 

120 

4.22 

0.000503 


Mean *= 0.000502 
Kn = 0.00803 


Mean == 0.000507 
Kn = 0.00811 


Table XI 

0.0625 N Sodium Ethylate and 
0.25 N Ethyl Iodide 


A = 20.00 B — 80.00 


t 

X 

Kv 

60 

2.27 i 

0.000509 

80 

2.95 

0.000508 

100 

i 3*57 

0.000502 

120 

i 423 

0.000509 

190 

! 6,14 

0.000502 


Mean =* 0.000506 
Kn 0.00809 


Table XII— Kn Found for Sodium Ethylate and Ethyl Iodide 

AT 25® 


Cone. NaOCgH# 
V 

1 

2 

4 

8 

16 


Kn 

Kn Average 

0.00546 

0.00543 

0.00545 

0.00608 

0.00612 

0.00610 

0.00680 

0.00672 

0.00676 

0.00728 

0.00740 

0.00734 

0.00811 

0.00803 

0.00809 

0.00808 
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Tabi,8 XIII —AND Effl Found por Sodium Ethylats and BtHYL 

lODIDB AT 25® 



K. 

Km 

V « i:V * 2 

O.OII9* 

O.OO4II*" 

■ V = I:V = 4 

0.0123*" 

0.00427* 

V = l:V = 8 

0.0128*" 

0.00460*" 

V = i:V = 16 

O.OIIO*" 

0.00383*" 

V = 2:V = 4 

0.0126 

0.00412 

V = 2 :V = 8 

O.OI 2 I* 

0.00427* 

V = 2:V = i6 

0.0122*" 

0.00422* 

V = 4:V = 8 

O.OII7*" 

0.00452* 

V = 4:V = 16 

O.OI 2 I*" 

0.00432* 

V = 8 ;V = 16 

0.0108 

0.00403 


Mean o.01195 0.00423 

Mean* 0.0120 0.00427 


Table XIV— Kn Calculated and Found for Sodium Ethylate 
AND Ethyl Iodide at 25° 



Kn foimd 

Kn calculated 

Error in percent 

V 

Ki = 0.01190 
Km = 0.00423 
a 

Kj » 0.0I200j 
K„ - 0.00437 
b 

a 

b 

I 

0.00545 

0.00537 1 

0.00541 

+ 1-5 

-ho.8 

2 

: 0.00610 

0.00602 

0.00608 

-hi .3 

-ho.3 

4 

0.00676 

0.00662 

0.00668 

-ha.i 

-hi.2 

8 

0.00734 

0.00724 

0.00731 

-hi .3 

-ho.4 

i6 

0.00808 

0.00792 

0.00798 

•+•2.0 

-hi.2 


Table XV—Percent op Reaction Due to Ions and to Mole¬ 
cules 


Concentration of 

Percent of reaction 

Percent of reaction due 

lN)aC.)03JhL5 

V 

due to aKf 

to (i — a)K« 

I 

32.8 

67.2 

2 

42.0 

57-9 

4 

56.0 

44.0 

8 

64.5 

35-5 

16 

72.3 

27.7 


' The mean of all values with stars. 
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Tabus XVI—^Kn for Sodium Ethylate and Ethyl Iodide at 25°, 
Corrected for a Positivb Salt Catalysis of 8 Percent Per 
_ Gram Mole cule of Sodium Ethylate _ _ _ 


V 

a 

I —a 

Kn calculated 

Kn corrected for 
salt catalysis 

I 

0.148 

0.852 

0.00541 

0.00498 

2 

0.234 

0.766 

0.00608 

0.00584 

4 

0.312 

0.688 

0.00668 

0.00655 

B 

0.393 

0.607 

0.00781 

0.00773 

16 

0.481 

0.519 

0.00798 

0.00794 


Table XVII—K,- and Km Found for Sodium Ethylate and 
Ethyl Iodide at 25°, Corrected for a Positive Salt 
Catalysis of 8 Percent Per Gram Molecule of 
Sodium Ethylate 


■ —rr_: —1~ _ — z '_ 

■"“Til “ 1-”- ■ “T 

I. ;i _ _ 


K,- 

I Km 

V = I ;V = 2 

0.0135 

0.00350 

V = i:V = 4 

I 0.0131 

0.00356 

V = i;V = 8 

0.0145 

0.00322 

V = i;V = 16 

0.0126 

0.00353 

V = 2:V = 4 

0.0129 

0.00372 

V = 2:V = 8 i 

0.0150 

0.00305 

V = 2:V = 16 i 

0.0124 

0.00385 

V = 4:V = 8 

0.0166 

0.00201 

V = 4:V = 16 

0.0122 

0.00398 

V = 8:V = 16 

0.0092 

0.00679 


Av., 0.0132 

0.00372 


Conclusions 

1. In this article we have shown that the theory that the 
ions are the only chemically active portions of the electroljrtes 
is only partly correct, and that much of the earlier work on 
which this theory was based was interpreted unfortunately. 
We have, therefore, proposed the hypothesis that both the 
ions and nonionized forms of acids, bases and salts may under¬ 
go transformation with comparable velocities. These reac¬ 
tions may be influenced by so-caUed “salt effects” and other 
physical factors which we are investigating further. 

2. A list of tables is given in which we present the velocities 
of the reactions of sodium ethylate with ethyl bromide and 
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with ethyl iodide at 25° in absolute eth3d alcohol, the concen¬ 
trations varying from N /1 to N/ 16. 

3. The proper numerical data have been substituted 
in the general formula Kn — K<a: -|- Km(i — a), and the 
series of simultaneous equations so obtained solved. Constant 
values are obtained for K< and Km, which represent the velocity 
of transformation of unit concentrations of ethylate ions, 
nonionized sodium ethylate and alkyl halide. We have 
interpreted this fact as evidence that both the ethylate ions 
and the nonionized sodium ethylate react with the nonionized 
alkyl halide, although we wish to point out that there may be 
still other side reactions or “abnormal salt effects” involved 
which we do not yet understand. 

4. If this theory is correct the same values should be ob¬ 
tained for Kj, the velocity of transformation of imit concen¬ 
trations of the ethylate ions and a given alkyl halide, whether 
the source of the ethylate ions be the sodium, potassium, 
lithium or other salt. The work reported here and other 
studies by Dr. Julia P. Harrison and Dr. J. H. Shrader, which 
were given in the table on page 593 and will be presented 
in later articles, show that the same alkyl halide actually 
does give practically the same value for K,- for sodium, po¬ 
tassium and lithium ethylates. 

5. The effect on K,- and Km of a positive or negative salt 
catalysis of 8 percent per gram molecule of the electrolyte was 
calculated in order to see the extent of the errors involved in 
these constants. 

6. We are investigating the peculiarities, or abnormalities, 
of the concentrated solutions (absolute alcohol) as rapidly as 
possible by attempting to measure their physical properties, 
especially the fluidities of the solutions by Bingham’s methods, 
the effect of added salts on the reaction velocities and physical 
properties, and the probable extent of solvation (alcoholation) 
of the reacting constituents by Washburn’s methods. These 
physical factors and the electronic phenomena probably play 
a rdle having far greater significance than we can possibly 
understand with our present knowledge. 

Johns Hopkins University 
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Oedema'and Nejdiritis. By Martin H. Fischer. 2nd Ed. 16 X 23 cm; 
pp. X 6gs. New York: John Wiley and Sons, igis. Price: $3.00 .—This 
is practically a new and enlarged edition of the author's two books on Oedema 
(15, 414) and Nephritis (i6, 424, 620). The subject is treated under the following 
headings: the argument; absorption and secretion in individual cells and tissues; 
oedema; absorption and secretion in the complex organism; the colloid-chemical 
theory of water absorption, and some problems in biology, physiology, and 
pathology; nephritis; glaucoma. 

When discussing the possible existence of semi-permeable membranes in 
living cells, p. 156, the author says: “But aside from these physicochemical 
facts which stand so immovably against any belief which sees in living cells 
a replica of the artificial osmotic cells of our laboratories, biological considera¬ 
tions make the whole conception impossible. To have the laws of osmotic pres¬ 
sure tenable for living cells we must have semi-permeable membranes about them. 
Only as this is the case can changes in osmotic pressure become available for 
the movement of water into and out of the cells. If now, for the sake of argu¬ 
ment, we grant this assumption, then no dissolved substances can get into or 
out of the cells. Such a conception of the cell is impossible, for how under such 
circumstances could it get its necessary food, or how could it rid itself of its 
various metabolic products? Both processes are absolutely indispensable for 
the continuation of life. To get around the difficulty various observers have 
made these osmotic membranes permeable to some or many dissolved substances. 
But the moment we grant this, then the dissolved substances can diffuse from 
regions of higher to regions of lower concentration, and so differences in osmotic 
pressure are equalized and no forces remain available for the movement of water. 
The adherents to the view that “osmotic" membranes exist about cells can take 
their choice, they can either utilize their conception to make water move or they 
can make their membranes permeable and so have dissolved substances move, 
but they cannot have both. Yet for life to go on in the cell both processes must 
be able to go on interruptedly," 

The author makes a good point here, though exception might be taken to 
some of the details. For years the reviewer has pointed out in his lectures that 
it was easy to see how osmotic pressure can raise the sap in a tree provided one 
has the tree; but that is not easy to see how one can carry through the lower 
cells the salts necessary to give the upper cells the osmotic pressure which we 
assign to them. It is possible to assume that the sap rises between the cells; 
but then the osmotic pressure is superfluous. It is also possible to assume that 
the cell walls are permeable to two sets of salts which react and form a salt which 
does not pass through the membrane. This has never been shown to be the 
case and until it is shown to be so, Fischer's view is unquestionably the most 
plausible one. The reviewer would have liked to have seen a paragraph to the 
effect that semi-permeable membranes are colloidal and that we are, therefore, 
dealing with sdective, negative adsorption. 

On p. 71, the author says: “Were we at this point to sum up our concep¬ 
tion of the structure of protoplasm as thus far developed, we could liken it fairly 
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accurately to a mass of protein intimately mixed with more or less fat-like 
material (the fats and lipoids), the whole being under physiological conditions 
immersed in a liquid (pond water in the case of an ameba, or lymph and blood 
in the case of our body cells) from which the protein-fat mixture soaks up a cer¬ 
tain amount of water as well as a certain amount of the various dissolved sub¬ 
stances found in the water. The water absorption is governed by the state of 
the (hydrophilic) emulsion colloids. The absorption of dissolved substances 
is a matter of equilibrium between the concentration of those found in the 
medium outside of the cell and that of the same substances found in the cell 
itself. We have indicated how solubility characteristics, phenomena of adsorp¬ 
tion, and chemical combination influence the point at which equilibrium is 
reached. This simple picture of the cell furnishes to our minds an adequate 
conception of its main structure.’* 

When discussing transudation, the author says, p. 242: “The accumula¬ 
tion of fluid in the serous cavities and in the so-called tissue spaces in oedematous 
states represents the separation of a dilute liquid protein colloid from the more 
solid, heavily hydrated ones making up the oedematous tissues themselves. 
It is the analogue of syneresis as observable in hydrated colloids. As degree 
of hydration and the time element are of importance in determining the amount 
of fluid that is thus squeezed off from laboratory colloids, so also do the high 
hydration characteristic of oedema and the time element, as determined by the 
chronicity of the agencies leading to the oedema, play important parts in the 
development of its accompanying transudations.” 

In the subdivision on the absorption of water by spermatozoa, epithelial 
cells, and white blood corpuscles, p. 356, the author says: “In the attempt to 
establish the validity of the laws of osmotic pressure for certain physiological 
and pathological manifestations of water absorption, biologists have been par¬ 
ticularly eager to work with material which on experiment was found to approxi¬ 
mate most closely the behavior demanded by theory. It is for this reason that 
certain plant cells and the red blood corpuscles have been the subject of more 
exhaustive study, so far as their behavior toward water absorption is concerned, 
than any other cells. The reason why just these cells should have approxi¬ 
mated obedience to the laws of osmotic pressure more perfectly than most others 
that have been studied may appear later. But even these chosen cells show 
such great exceptions to the behavior demanded by theory that it is impossible 
to escape the experimentally well-grounded conclusion that most, if not all, 
cells do not follow the laws of osmotic pressure. The attempts that have been 
made to harmonize the observed behavior of various cells with that demanded 
on the theory* that cells represent osmotic systems are ingenious, but we can 
scarcely believe stiliiciently supported by experiment to be convincing. For 
the most part the explanations given are complicated, which constitutes in itself 
a threatening feature when the explanation of any natural phenomenon is haz¬ 
arded. What strikes one as particularly encouraging about the colloid idea of 
water absorption is its simplicity, and the breadth of water absorption phenomena 
to which it may be applied without apparent experimental or theoretical objection. 

“In a preceding part of this book we tried to show how the absorption of 
water by the cells of muscle, the eye, the central nervous system, the kidney, 
and the liver is essentially a function of their colloid state. What was said re- 



New Books 


6 ii 


garding these cells is also true regarding spermatozoa, white blood corpuscles, 
and the epithelial cells of the bronchi, intestine, bladder, and esophagus. We 
need not enter into the detailed experimental findings on this subject which 
may be found in H. J. Hamburger's excellent work. Wc again encounter no 
difficulty in explaining the experimentally observed facts when we call to mind 
the effect of acids, alkalies, salts, and these in mixture upon the swelling of 
(hydrophilic) protein colloids. All the cells mentioned swell if placed in dis¬ 
tilled water. This fact, which has always been interpreted as due to differences 
in osmotic pressure, is really to be explained by remembering that, under the 
conditions prevailing in these experiments, the cells produce acids which in¬ 
crease the capacity of their colloids for holding water. A second factor is found 
in the diffusion of at least some salts out of the cell, for the higher the concen- 
tratioti of the neutral salts in a colloid, the less does it swell.” 

It is quite likely that the author’s enthusiasm has given him a slightly dis¬ 
torted perspective. It is quite likely that he has erred occasionally in statement 
of facts, as in regard to the molecular weights of colloids, p. 40. It seems to 
be certain, however, that his general point of view is sound and that he is opening 
up a very fruitful held. It is only by taking into account the phenomena of 
colloid chemistry that one can hope to make permanent progress along physio¬ 
logical lines. The author is to be congratulated on the excellent work that he 
is doing. Wilder Z>. Bancroft 

Genetic Theory of Reality. By James Mark Baldwin, 22 X 15 cm; pp. 
xvii -f New York: G. P, Putnam's Sons, /p/5. Price: $2.00 .—This book 

forms the author’s fourth contribution to genetic logic and contains his doctrine 
of Pancalism, or, as he calls it, his contribution to the theory of reality. 

The problem of interpretation, or the reaching of objective meaning of 
things, is first treated. In individual interpretation, practical and emotional 
interest determines the character of one's decision, and these decisions pass 
through prelogical, logical and immediate stages, giving intuitive, perceptive, 
discursive and over-discursive moods. 

In racial and social interpretation there is a tendency to force the individual 
to follow generally accepted customs. An extension of such interpretation can, 
therefore, never cause development. This can only come when some individual 
breaks away from conventional methods of looking at things. These values 
are then worked back into the social fabric and development is occasioned. 
Religious interpretation, being both logical and teleological, forms a connecting 
link between the actual and tlie ideal. In the development of these types of 
interpretation, the growth of imagination is of great importance and comes with 
the process of mediation. 

In further development from the mediate back to immediacy the interpreta¬ 
tion by philosophers has led to mysticism, dogmatism, etc. The author, there¬ 
fore, proposes to consider reality from the standpoint of aesthetic experience. 
The author's theory of reality may be stated thus: Reality exists because the 
summation of aesthetic experience, interpretation, and interest points to this 
existence as an ideal apart from one's self. According to this, a consideration 
of aesthetic beauty is looked upon as all important, all-indusive, and universal. 
Art and beauty must, therefore, be considered as self-sufficient, unrelated, and 
all-inclusive. 
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The author has developed this theory practically entirdy from the im* 
mediate or intuitive standpoint. "We realize the real in achieving and enjoytag 
the beautiful.^' Take the question of music, for instance. sound is per¬ 

ceived, but there would be no sound unless the human car were present. There 
would be vibration but no sound, hence we cannot ascribe reality to sotmd sep¬ 
arate from, or without consideration, of the human ear. The author’s postulate 
of noh-relativity is not warranted. The theory is, therefore, a statement of 
belief only. Making experience the criterion of reality reminds one erf the class¬ 
ical proof of immortality from simplicity. It is wholly unwarranted. 

The author’s style and diction in this book is of such a nature that it is 
hard reading. For that reason it will probably not be widely read. 

C. W, Bennett 

Handbuch der Mineralchemie. By C. Doelter. Vol. Ill: Parts J//-F* 
18 X 25 cm; pp. 160 (each part). Dresden: Theodor Steinkopff, 1914. Price: 
6.so marks (each part ).—In these numbers are taken up the phosphates of mag¬ 
nesium, calcium, manganese, iron, copper, zinc, lead, and alumina; the double 
aluminum or iron phosphates; the arsenates and antimoniates. 

In spite of the fact that blue, green, yellow, and red apatites are known, 
p- 344, we are very far from a knowledge of what the coloring matter is. Doelter 
does not accept the view of Wohler that the color is due to an organic substance, 
nor the view of Pupke that the color is due to manganese. 

On p. 359 is pointed out that large deposits of phosphorites occur in the ocean 
wherever a cold current meets a warm current. The sudden temperature change 
kills both the warm-water and the cold-water fauna, the bodies sinking to the 
bottom. In some places the bed of the ocean is covered six feet deep with bones 
of fishes and other sea creatures. One large deposit occurs on the Agulhas 
Bank off the Cape of Good Hope where a warm equatorial current coming down 
between the island of Mozambique and the mainland meets the cold antarctic 
current. 

There is an interesting account of the preparation and properties of Thomas 
slag, p. 370; and another on the treatment of the monazite sands, p. 567. The 
various modifications of arsenic and of antimony are discussed in detail, pp. 
601, 754; so are the inter-relatiotis of the arsenic oxides, p. 619. There is ap¬ 
parently some work still to be done on the crystalline modifications of antimony 
oxide, senarmontite and valentinite, p. 762. According to Henglein, who writes 
this portion of the book, the two oxides precipitate together from melts and solu¬ 
tions, while the direct change of one into the other has not been observed when 
neither fusion nor solution took place. Of course, this is merely a proof of care¬ 
less work, but it is another one of the innumerable details which somebody must 
straighten out. Wilder D. Bancroft 

De la Pirotechnia. By Vannoccio Biringuccio. Edited by Aldo Mieli. 
IS X 21 cm; pp. Ixxvi -f- ig8. Bari: Societd Tipografica Editrice Barest, 1914. 
Price: 3 francs .—This is the first of a series of scientific and philosophic classics 
which the enterprising publishers are going to bring out. Biringuccio was bom 
in 1480. He travelled much in Italy and Germany studying metallurgical pro¬ 
cesses. He was exiled several times from Siena and died in Rome in 153.9. 
Biringuccio does not use the word "Pirotechnia" to denote fireworks but rather 
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to include all arts requiring the use of fire. The present volume includes only the 
first volume and part of the second volume of Biringuccio’s ten volume treatise. 
This first instalment contains the chapters on the ores of gold, silver, copper, 
lead, tin, iron, mercury, sulphtu, and antimony; and those on the preparation 
of iron and brass. In those days zinc itself was not known and brass was ob< 
tained direct from mixed ores of copper and zinc. Biringuccio was a contemp¬ 
orary of Paracelsus and his book is essentially a scientific treatise, one of the earli¬ 
est to which this name could apply. We are, therefore, grateful to the publishers 
for making this truly classic work available to us. Wilder D. Bancroft 

Molecular Association. By W, E. S. Turner. 22 X is cm; pp. mix -f lyo. 
New York: Longmans^ Green and Co., igiS^ Price: $1.40 net. —The headings 
of the chapters are: introductory; the molecular complexity of dissolved sub¬ 
stances; the influence of the solvent; molecular complexity in the liquid state; 
surface tension methods of determining molecular complexity in the liquid state; 
molecular complexity in the liquid state—some other methods and a review; 
the molecular complexity of water and the theory of dynamic allotropy ; the 
selection and use of molecular formulae; molecular association and physical 
properties; molecular association and chemical combination. 

The compilation has been made somewhat uncritically. On p. 30 the author 
tabulates a molecular weight of over 5000 for ferric hydroxide based on freezing- 
point measurements of colloidal ferric oxide solutions. On p. 45 it is stated ex¬ 
plicitly that the theoretical osmotic pressure of a dilute aqueous solution will 
change if the degree of polymerization of the water is changed by the addition of 
the solute, in spite of the fact that theory and experiment show that the molecular 
weight of the solvent as vapor is what counts and not the molecular weight of 
the solvent as liquid. Wilder D. Bancroft 

Food Industries. By H. T. Vulti and S. B. Vanderbilt. 16 X 22 cm; pp. 
iv -}- jog. Easton: The Chemical Publishing Co., igi4. The subject is treated 
under the headings: food principles; water; the king of cereals—old milling pro¬ 
cesses; modern milling and mill products; cereals; breakfast foods and coffee 
substitutes; utilization of flour—^bread making; leavening agents; starch and 
allied industries; the sugar industry; alcoholic beverages; fats; animal foods; 
the packing house; milk; milk products; preservation of foods; the canning in¬ 
dustry; tea, coffee and cocoa; spices and condiments. 

In regard to the cost of living, the authors say, p. 3. “ Foods may be roughly 
divided into permanent and perishable material. Among the permanent foods, 
the cost has decreased, as sugar and flour. The great advance in prices of our 
food material is found entirely in the perishable foods. Such material is now 
often brought from a long distance, thus adding cost of freight and many times 
the cost of preservation during transportation. The many hands through which 
food material must pass also increases the cost.” 

There is an interesting paragraph on p. 190 as to the reasons for cooking meat. 
‘In great contrast to the carbohydrate group, protein does not become more 
digestible on cooking. In fact, meat fiber subjected to high temperature or 
prolonged heating becomes toughened and more diffictilt of digestion. It is ob¬ 
vious, therefore, that we must look for other reasons for the almost universal 
custom of cooking meat. Sterilization is the reason usually given, but this is 
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only true to a limited extent. As meat is not a good conductor of heat, the interior 
of large portions, such as roasts, frequently does not reach the temperature when 
all pathogenic bacteria are killed. Neither can we hope that harmful ptomaines 
will be affected if by any chance such compounds have been developed. Our 
real reason for cooking is probably the development of desirable flavors, largely 
due to the extractive creatin, which yields creatinin on heating. This is import¬ 
ant as it is now a well known fact, that we do not derive as much benefit from 
food that we do not relish.” There is a curious lack of perspective about this. 
The authors seem to have forgotten that meat was cooked thousands of years 
before anybody knew anything about digestibility, sterilization, or ptomaines. 

On p. 104 we read that "in the world's food products made from wheat, 
macaroni has occupied an important place in the diet of several nations. The 
Japanese claim to be the original manufacturers but whether this be true or not, 
the Europeans first heard of it from the Chinese who had been using it for a long 
period. Although the Germans were the European discoverers of macaroni, 
it was the Italians who early learned to appreciate its virtues and to adopt it 
as a national food. By the fourteenth century, Italy was the only European 
nation that understood its preparation, and for nearly four hundred years she 
held the secret of the method of manufacture.” Wilder D. Bancroft 

Foundations of Chemistry. By Arthur A. Blanchard and Frank B. Wade. 
14 X IQ cm; pp. 446. New York: American Book Co., IQ14. Price: $1,2 $.— 
In the preface the authors say: “Formerly, the study of the classics occupied 
a very prominent position in educational training, and many of the ablest men 
of our times owe their efficiency largely to the excellence of the mental discipline 
thus acquired. The essential mental training can, however, be furnished in the 
study of subjects that possess vital interest and present day usefulness, provided 
these subjects are as well taught as were the classics. A tendency is now evi¬ 
dent to depart from the study of the classics and to substitute therefor a multi¬ 
tude of vocational and informational subjects. It is extremely likely that this 
type of study will not only fail to prove as practically useful as its advocates 
hope, but that it will fail to impart that sturdy independence of thinking—that 
ability to apply what has previously been gained—^which is so essential to suc¬ 
cess in all walks of life, and which can be imparted in large measure by a thor¬ 
ough study of the underlying principles of science in their applications to well- 
selected cases. 

“With the ideal in mind of teaching the scientific method of thought while 
considering the facts and principles of chemistry, the authors have striven to 
write a book, the intelligent study of which will develop both the power of the 
pupil to think originally and his appreciation of the relation between the sub¬ 
ject matter of chemistry and his daily life. In illustrating the principles of chem¬ 
istry, very many important industrial processes and applications to daily life 
have been chosen, but the greatest effort has been made to keep the idea upper¬ 
most that the principles concerned are of universal application, whereas the in¬ 
dividual processes are transient and of relatively less importance to the general 
student of chemistry.” 

It is a good programme and such paragraphs as those on the kindling point, 
p. 45, are instances of the book at its best. Wilder D. Bancroft 
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l>a8 l^ebensmittelgewerbe. By K. von Buchka: Vol. I, Parts I and II, 
fp. 48, each part: 18 X 2$ cm. Leipzig: Akademische Verlagsgesellschaft m. b. H., 
igij. Price: 2 marks per part. —This hand-book deals with foods and beverages 
irom all points of view; but with special reference to the legal restrictions which 
have been found necessary and to the reasons for them. The volume opens with a 
chapter on human nourishment by Dr. Kreutz of Strassburg, after which comes 
an introductory section by Professor von Buchka of Berlin. The first special 
chapter deals with foods and drinks containing alkaloids. This is to include 
sections on coffee and coffee substitutes; tea; cocoa and chocolate; tobacco. 
Only the opening pages of the section on coffee and coffee substitutes are included 
in the second number. The book is an interesting one and deals with a field 
which has never been covered in the same way. Wilder D. Bancroft 

A Manual of Oils, Resins, and Paints. By Harry Ingle. Vol. I. 14 X 20 
cm; pp. I2g. Philadelphia: J. B. LippincoU Co., IQ15. Price: $1.2$. —The 
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arately. The first volume deals with analysis and valuation, the subject being 
treated under the headings: introduction to the chemistry of the oils, gums, 
etc.; physical tests; chemical tests; qualitative tests for oils; the classification 
of oils; the systematic examination of oils, fats, and waxes; technological analysis. 

Wilder D. Bancroft 

Donndes num^iiques de Spectroscopie. By L. Briininghaus. 22 X 28 cm; 
pp. via -|- 7j. Chicago: University of Chicago Press, JQ14. Price: 10 francs. 
—This is a reprint of a portion of Volume III of the Annual International Tables 
(19, 251). It contains the data for 1912 on emission spectra, absorption spectra, 
and the Zeeman effect. There is a preface by H. Deslandres. The publication 
of the reprint has been made possible by the co-operation of the French De¬ 
partment of Public Instruction, Wilder D. Bancroft 

Donnies numdriques de relectricit6, magn6tisme et dlectrochemie. By P. 

Dutoit, W. C. McC. Lewis and A. Mahlke. 22 X 28 cm; pp. ix + 159. Chicago: 
University of Chicago Press, 1914. Price: JO francs. —This is a reprint of a 
portion of Volume III of the Annual International Tables (19, 251). The 
collection and publication of the data have been made possible by the co-opera¬ 
tion of the French Department of Commerce, Industry, and Posts, of the Society 
of Civil Engineers (Paris) and of the International Society of Electricians (Paris). 
There is a preface by Maurde LeBlanc, president of the International electro¬ 
technical commission, in which he points out that only a few years ago an elec¬ 
trician would have laughed at the thought of being interested in data on the 
viscosity of rubber or on the action of light on selenium. Wilder D. Bancroft 

Donndes numdriques de radioactivity. By J. Saphores and F. Bourion. 
.22 X 28 cm; pp. vUi + 12. Chicago: University of Chicago Press, 1914. Price: 
-2.50 francs. —^l^is is a reprint of a portion of Volume III of the Annual Inter¬ 
national Tables (xp, 251), and is published with assistance from the Institute of 
Radioactivity of the University of Paris. The subheads are: atomistics, elec¬ 
tronics and ionization, radioactivity, atmospheric dectridty, atomic weights. 

Wilder D. Bancroft 



6i6 


New Books 
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THE PASSIVIFICATION OF IRON BY NITRIC ACID* 


BY S. W. YOUNG AND ELTON MARION HOGG 

Introduction 

The passive state of certain metals may be induced by 
methods which resolve themselves into two general subdivisions; 
Passivity produced by strong nitric acid and other oxidizing 
agents, and that produced by anodic or cathodic polarization. 
The experimental work described in the present paper is con¬ 
fined to a study of the passivification of iron by nitric acid. 
This limitation was imposed upon the research in view of the 
fact that of all the former work done, that with nitric acid 
seemed to be less understood and there appeared to be some 
points of attack on this particular phase of the problem which 
might result in the clarification of our knowledge of the entire 
subject. 

Historical 

In the historical discussion in this paper both general 
methods of passivification will be briefly discussed and a 
general statement of the principal theories will be made. 

The study of the passivity of iron has engaged the atten¬ 
tion of scientific investigators for nearly one hundred years 
and yet our knowledge of the subject is still very limited. The 
recent activity in this field, recorded in the late symposiums 
before the British Faraday Society,* indicates that our informa¬ 
tion on the subject has, in the past, been greatly circum¬ 
scribed. Many new methods of attack are described which 
are distinct departures from those of the earlier students, 
and many new and important facts have been discovered. 
To explain these facts many theories are put forward which, 
in most cases, are merely modifications of older ones, so that 


^ Presented by Elton M. Hogg to the Faculty of Chemistry of Stanford 
University in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy, May, 1915. 

* Met. Chem. Eng., 11, 12, 679 (1914). 
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for present purposes an outline of the three most prominent 
theories will be sufficient. 

Theories of Passivity 

1. The Oxide Film Theory of Faraday .^—According to 
this theory the surface of the iron is either oxidized or the 
superficial particles of the metal are in such relation to the 
oxygen of the electrolyte as to be equivalent to oxidation. 
The formation of a layer of oxide is supposed to cause passivity 
by mechanically hindering the metallic ions from entering the 
solutiod. To this theory Hittorf raises the objection that no 
oxide could be found which would display the necessary prop¬ 
erties. The destruction of passivity by elevation of tempera¬ 
ture is also hard to explain by this means. Finkelstein states 
that if an oxide is formed it must conduct electricity like the 
metal itself. TeBlanc raised the objection that the reflecting 
power of the surface in the active and passive conditions is 
the same; hence, if a film is present, it must be of less than 
molecular thickness. 

2. The Valency Theory of Kruger-Finkelstein^ and Muller^ 
—According to this theory passivity is due to the change 
of the metal to a nobler modification. This change of state 
depends somewhat upon temperature. Otherwise the elec¬ 
trochemical behavior of the metal depends on the relative 
oxidation and reduction potentials of the electrolyte. 

.5. The Reaction Velocity Theory of LeBlanc .'*—In its 
general form this theory states that passivity is due to the slow 
rate of change at the anode. The passive metal sends out 
ions into the solution very lowly; that is, the reaction 

Fe -f - ■ = Fe • • 

proceeds very slowly because the ionization of the metal is 
associated with chemical changes, and, when these changes 
are slow, passivity occurs. Several hypotheses have been 

' Phil. Mag , (3) 9, 57 (1836) 

* Zeit phys. Chcm., 39, 104 (1902). 

»Ibid., 48, 577 (1904). 

* Zeit. Elektrochem., 6, 472 (1900); ii, 9 (1905). 



• The Passivification of Iron by Nitric Acid 619 

advanced regarding the mechanism of the reaction and the 
following are of importance: 

a. The Oxygen Charge Hypothesis of Fredcnhagen^ and 
Muthmann and Frauenbcrger.'^ —The cause of passivity is 
sought in the slow rate of reaction between the anode and the 
oxygen liberated there, with the result that the anode becomes 
charged with the gas, or that a metal-oxygen alloy is formed. 
Grave objects to this hypothesis because it does not explain 
the fact that iron may be passive in alkalies and when heated 
in nitrogen. 

b. The Anion Discharge Hypothesis.^--'Ey this theory the 
main change at the anode is not the formation of metallic 
ions, but the discharge of anions. The electrode, when active, 
is supposed to contain hydrogen and the discharged anion 
reacts with and removes the hydrogen. I'he slowness of this 
reaction allows oxygen to accumulate on the metal rendering 
it passive. 

c. The Hydrogen Activation Hypothesis of Foerster* and 
Schmidt.^--According to this hypothesis the normal condition 
of iron is assumed to be passive and it becomes active under 
the influence of a catalyst. The reaction 

Fe -f • • = Fc • • 

is reversible and is a retarded reaction in both directions. 
If this is true, the formation of a film may be considered the 
consequence, and not the cause, of passivity. The cause of 
passivity is taken as the absence or the removal of hydrogen 
and the deposition of oxide follows as a result of the inactivity 
of the metal. Foerster claims tliat hydrogen or an alloy of 
hydrogen and iron is the catalyst; but Grave and Schmidt 
favor the view that hydrogen ions are responsible for the change. 

d. The Retarded Hydration Hypothesis of LeBlanc .^— 
According to this view the active iron sends out ions into the 

' Zeit. phys. Chem., 43, i (1903); 63, t (1908). 

* Sitzungber. bayr„ Akad., 34, 201 (1904). 

' Chem. News, io8, 249, 259, 271, 283 (1913). 

‘ Abhandlungen der Bun.sen Gesellschaft, 3 (1909). 

* Zeit. phys. Chem., 77, 513 (i9u)- 

* Lehrbuch der Elektrochemie, 5th Ed., p, 285. 
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electrolyte and with metals tending to become passive, these 
ions combine slowly with the water 

ion + water =® ion hydrate. 

The concentration of free ions at the electrode becomes great 
and finally the potential difference between the electrode and 
electrolyte becomes so great that the discharge of anions and 
development of oxygen begins. This view is based on the 
observation of Grave that when the ion concentration is 
sufficiently large, polarization begins at both anode and 
cathode. LeBlanc considers that the hydration and dehydra¬ 
tion of ions under certain circumstances may be a very slow 
process. 

To all of the above theories objections may be raised, 
many of them seemingly valid, and, on the other hand, the 
observed phenomena seem in many respects to fit one theory 
as well as another. 

Definition 

Up to the present time no single definition of passivity 
has been accepted by the many investigators who have busied 
themselves with this problem. In tlie present work the pass¬ 
ivity of iron is taken to mean that state of the metal in which 
it is not attacked immediately by dilute nitric acid. Normally 
nitric acid of specific gravity 1.250 will instantly and vigor¬ 
ously attack iron and finally dissolve it; but if the metal is 
first treated with acid of densities from 1.590 to 1.260 the 
attack is delayed for some time, frequently as long as seventy- 
two hours and even longer in some cases. During this period 
of inactivity the metal remains bright and no apparent action 
occurs. 

Preliminary Work 

A number of simple hand experiments were performed 
to determine, if possible, whether there was a measurable 
effect of the following factors on the passivity reaction: 

1. Varying concentrations of nitric acid. 

2. Different grades of iron. 

3. Presence of iron salts. 

4. Contact with platinum and zinc wire. 
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5. Electrolytes other than nitric acid. 

6. Varying periods of time in passivifying acid. 

The work, while giving many important facts, yielded 
results so inconsistent that we decided to pass directly to a 
set of carefully controlled reaction velocity experiments. 

On the basis of information derived from the preliminary 
experiments, certain lines of investigation naturally suggested 
themselves as likely to give fruitful results. After careful 
consideration, it seemed important to first investigate the 
rate at which iron is dissolved by nitric acid in varying con¬ 
centrations and at various temperatures. It was hoped that 
the results of such investigations might throw some light 
on the character of the reaction in general, and show whether 
the development of paSvSivity was gradual, or whether there 
was a definite state which might be looked upon as a passive 
state, and also whether this state was influenced by tempera¬ 
ture. 

Velocity of the Reaction between Iron and Nitric Acid 

The metal used was Merck’s Pure Iron Wire,” in the form 
of pieces two inches long (5.08 cm) and bent horse-shoe in 
shape so as to be readily hung from a glass hook. The density 
of the wire was 7.850 and each sample weighed about 180 mg. 

The acids were made up from '‘Baker’s C. P. Nitric Acid, 
sp. gr. 1.42” and triple distilled water, the last distillation 
being with potassium permanganate and potassium hydroxide. 
In all, sixteen strengths of acid were prepared with the follow¬ 
ing concentrations: 

Tablu 


sp. gr. 

Grams HNO3 
in 100 cc 

Sp. gr. 

Grams HNOs in 
100 cc 

1.025 

4-7150 

1.240 

47.4796 

1.050 

9-4395 

1.250 

49-7750 

I 075 

14.1362 

1.260 

52.0884 

1 , 100 

18.8210 

1.270 

54-4449 

I .200 

38.8320 

I 275 

55-66x0 

I .210 

40.9222 

1.285 

58 0563 

1.220 

43.0416 

1.300 

61.7370 

1.230 

45.8210 

1.400 

91.4200 


^ Physico-Chemical Tables, John Castell-Evans, Vol. 3, 839-842 (i9ii)' 
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The apparatus, shown in Fig. i, consisted of a constant 
temperature bath with its stirring apparatus, constant level 
attachment apparatus for stirring the acid in the test tubes, 
and thus preventing the accumulation of gas bubbles on the 
surface of the iron, and an attachment for holding four test 
tubes in the bath. In the figure, a indicates a covering of wool 
packing, & is a large battery jar, c is the stpring apparatus for 
the bath, d is the constant level attachment, e is the ther¬ 
mometer, / is a pulley which operates the stirring apparatus 



for the acid in the test tubes, g is a glass rod which is attached 
to the pulley / and holding the iron sample in a hook at the 
lower end, his a. glass tube serving as a guide for g and entering 
the top of the test tube through a perforated cork stopper, 
i is a Jena glass test tube containing the acid and the iron 
sample, j is the motor which operates the stirring apparatus 
in the bath and raises and lowers the iron sample twenty times 
a minute, and k shows the shape and position of the iron. 

The method consisted in taking weighed samples of iron wire 
and allowing twenty-five cubic centimeters of nitric acid of 
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known concentration to act on them at a given temperature 
for periods of fifteen, thirty, forty-five, and sixty minutes, 
respectively. The samples were removed at the end of each 
period, washed, dried and reweighed. The loss of weight 
was taken as a measure of the amount of reaction. All samples 
were run in duplicate so that for each and every period of 
time, for every concentration of acid used, and for every given 
temperature, two observations were possible. 

Reaction Velocity Equations 

The reactions between iron and nitric acid are at present 
not well understood. Some investigators claim that with con¬ 
centrated acid there is no action on the iron; others state 
that the strong acid causes the evolution of nitrogen peroxide, 
while dilute acid gives nitric oxide. Mellor* is of the opinion 
that “with dilute nitric acid, hydrogen is not evolved; but 

the acid is reduced to ammonia.With hot nitric add 

ferrous nitrate and nitrogen oxides are formed.” Gmelin- 
Kraut^ states that in strong nitric acid some peroxide of 
nitrogen is formed, while nitric oxide passes off from the action 
with dilute acids, and in intermediate concentrations mixtures 
of these oxides are evolved. It is, therefore, a difficult matter 
to choose any one equation to represent the reaction in ques¬ 
tion. Since, however, stronger acids act relatively slowly, 
the main reaction to be considered is that brought about by 
weaker adds, namely that which produces nitric oxide instead 
of the peroxide. 

The equation, assuming ferric nitrate to be the iron salt 
produced, is 

Fe -t- 4 HNOa = Fe(NO,), -f 2 HsO -f- NO. 

If ferrous nitrate were formed instead of the ferric salt, the 
tendency would be to produce variations in the velodty con¬ 
stant in the opposite direction from those found, which only 
confir ms the more strongly the conclusions to be drawn later. 

The formation of nitrogen peroxide along with nitric 
oxide would influence the variations in the same sense as those 

• Mellor: "Modem Inorganic Chemistry,” 485 (1912). 

* Handbucb der anorganischen Cbemie, Band i, Abteilung i. 
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found, thus tending to somewhat discoimt the conclusions. 
But evidence to be given will show that this fact may be ignored, 
because, as will be proven, the reaction stops going at any easily 
measurable rate when nitrogen peroxide is present. For 
these reasons the equation has been assumed to be sufficiently 
correct for its purpose. 

According to the equation, 56 grams of iron react with 
252 grams of nitric acid, and i gram of iron is dissolved by 
4V2 grams of the add. 

The generally accepted Reaction Velodty Equation for 
a heterogeneous system, of which only one concentration is 
variable^ (in this case the add), is 

g-K.S.(A-,), 

where dx/de is the rate of solution, K the reaction velocity 
constant, S the surface exposed, and (A — x) the concentra¬ 
tion of the acid. For our purposes, dx measures the amount, 
in grams, of iron dissolved in the time dd, and, since, each gram 
of iron dissolved uses up 4V2 grams of nitric add, the x in the 
right-hand member of the equation must be multiplied by 
4V2- The equation then becomes 

j| = K.S.(A-4V2*). 


On transformation and ihtegration this equation becomes 

.V = K.S.de, 

(A — 4V2 x) 

and 

lnA — ln(A~ 4V2 a:) = K . S . ». 

Then, obtaining the value for K, we have 

tr _ ^ _ 

e.S •(A — 4V2i>;y 

To obtain an equation for the surface, it is only necessary to 
make use of the following equation: 


_ = 4 

1 On account of the great tendency to simplification in reaction rates, it 
is assumed that the reaction is proportional to the concentration of the add, 
and not to its fourth or other power. 
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where I is the length of the wire, m its mass, d its density, 
and V has its usual value. Solving for S, we have 


and 


g3 _ 4 rim 
d 


= V 


4 rim 


Substituting this value in the Reaction Velocity Equation, 
we have 

■jf _ ^ /« - —^_ 

in which A and x are measured in grams of nitric acid and 
not in gram equivalents. Thus K represents the number of 
grams of iron dissolved in one minute from one square centi¬ 
meter of surface under the given conditions and m is the 
average mass of the sample, i. c., 

Wo -f- Wi 


where mo is the original mass and ?«i the mass at time 6 . Under 
these conditions 

V 4 rlnt 

T . 

represents the average surface. 

Experimental Results 

The first series of observations was made at 0° C, and the 
value of the reaction velocity constant calculated for each 
sample of iron taken. The results showed a distinct decrease 
of the value of the constant for increasing concentrations of 
acid, while with the stronger acids there was also a decrease 
with increasing time. Observations were also made at 10° C. 
and 20® C. Complete tables giving concentration, time, and 
temperature would be too large to present in full so we have 
chosen four representative ones. Table 2 gives a fuU summary 
of the reaction velocity constants obtained in the whole series 
of experiments. As it became evident, after a a time, that- 
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data beyond certain limits of concentration would be super' 
fluous, we frequently omitted such observations. 


Table 2 
Values of K 
T = o°C 
0 = time in min. 


Sl>- Vj 
of acids 

15 

30 

45 

60 

1.025 

0.00574 

0.00661 

0.00655 

0.00680 


0.00645 

0.00685 

— 

o.cx)583 

1.050 

0.00431 

0.00479 

0.00442 

0.00439 


0.00466 

— 

0.00466 

0.00450 

I 075 

0.00368 

0.00373 

0.00366 

0.00364 


0.00411 

0.00407 

0.00424 

0.00390 

1.100 

0.00387 

0.00305 

0.00327 

O.OO32I 


0.00389 

0.00338 

0.00322 

0.00324 

1.200 

0.00157 

0.00134 

O.OOI5I 

0.00129 


0.00152 

0.00133 

0.00149 

0.00129 

1.250 

0.000825 

0.000736 

0.000834 

0.000814 


0.000862 

0,000797 

0.000792 

0.000843 

1.260 

0.000254 

0.000129 

0.0000877 

0.0000554 


0.000229 

0.000123 

! 0.0000946 

0.0000815 

1.270 

0.0001036 

0.0000539 

0.0000414 

0.0000320 


0.0000889 

0.0000584 

0.0000389 

0.0000253 

I 275 

0.0000561 

0.0000372 

0.0000238 

0.0000160 


0.0000994 

0.0000280 

0.0000256 

0.0000228 

1.300 

0.0000463 

0,0000156 

0.0000104 

0,00000777 


0.0000285 

0,0000126 

0.0000104 

0.00000782 

1.400 

0.00000273 

0.00000137 

0.00000091 

0.00000068 


0.00000274 

0.00000137 

0.00000091 

0.00000068 
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Table 20* 
Values of K 
T = io°C 
d — time in min. 


Sp. gr. 
of acids 

- 

15 

.^0 

45 

60 

I . 100 

0.00623 

0.00569 




0.00677 

O.OO61I 



1.200 

0.00402 

0.00332 




0 00366 

0.00292 

Entire sample of iron dis- 

I .210 

0.00396 

0.00314 

solved in specified time 


0.00402 

— 



1.220 

0,00401 

0.00300 




0.00367 

0.00301 



1.230 

0.002585 

0.000615 

0.000331 

0.000484 


0.000814 

0.000751 

0.000338 

0.000277 

1.240 

i 0.000398 

0.000193 

0.000113 

0.0001322 


0.000384 ! 

0.000200 

0.000124 

0.0000785 

1.250 

0.000256 

; 0.000130 

0.0000887 

0.0000607 


0.000266 

0.000128 

0.0000867 

0.0000649 

1.260 

0.000176 

0.0000885 

0.0000630 

0.0000468 


O.OOOI7I 1 

0,0001081 

0.0000587 

0.0000439 

I 275 

0.0000880 j 

0.0000439 

0.0000291 

0.0000220 


0.0000880 

0.0000436 

0.0000250 

0.0000219 

1.300 

0.0000437 

0 0000218 

0.0000146 

0.00001097 


0.0000438 

O.OOOOI9I 

0.0000146 

0.00000958 

I .400 

0.00000273 

0.00000136 

0.00000089 

0.00000068 


0.00000272 1 

0.00000136 

0.00000091 

0.00000068 


^ With acids (sp. gr. 1.025-1,075) the entire sample of iron dissolved inside 
of 15 min. and with acids (sp. gr. 1.100-1.240) inside of 30 min. 
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Tabls 26‘ 
Values of K 
T - 20“ C 
6 = time in min. 


Mi 

15 

30 

45 

60 

1.250 

0.000251 

O.OOOI3I 

0.0000741 

0.0000584 


0.000278 

0.000128 

O.OOOIOOO 

0.0000685 

1.260 

O.OOOI7I 

0.0000888 

0.0000538 

0.0000429 


0.000172 

0.0000885 

0.0000537 

0.0000401 

■ 1-275 

0.0000936 

0.0000441 

0.0000294 

0.0000221 


0.0000883 

0.0000442 

0.0000313 

0.0000220 

1.285 

0.0000828 

0.0000443 

0.0000276 

0.0000220 


0.0000828 

0.0000495 

0.0000240 

0.0000207 

1.300 

0.0000382 

— 

0.0000128 

0.00000964 


— 

0.0000192 

0.0000164 

0.00000273 

1.400 

0.00000545 

0.00000137 

0.00000181 

0.00000068 


0.00000272 

0.00000136 

0.00000091 

0.00000068 


In Tables 3, 4, 5 and 6 appear the complete data for con¬ 
centrations of acid corresponding to densities 1.050, 1.250, 
1.260 and 1.400, respectively, the measurements being for 
0° C. These tables are chosen because they present typical 
forms of conduct, and some considerable discussion of them 
will be given, from which, it is hoped, the significance of the 
results in Table 2 will become quite clear. 

Table 3 Table 4 

Sp. Gr. = 1.050 Sp. Gr. = 1.250 

T = 0° C T = 0° C 

A = 2.360 A = 12.444 


e 

X 

m 

K 

1' 

1 ^ 

X 

m 

K 


0.0376 

0.1632 

0.00431 

15 

0.0395 

0.1643 

0.000825 


0.0403 

0.1606 

0.00466 


0.0408 

0.1610 

0.000862 

30 1 

0.0758 

0.1454 

0.00479 

30 

0.0668 

0.1489 

0.000736 


— 

— 

— 


0.0723 

0.1488 

0.000797 

45 

0.0973 

0.1310 

0.00442 

45 

0.1052 

0.1305 

0.000835 

60 

0.1024 

0.1320 

0.00466 


0.1009 

0.1325 

0.000792 

O.I 2 I 2 1 

0.1223 

0.00439 

60 

0.1294 

0.1179 

0.000814 


0.1232 

0.1204 

0.00450 


0.1326 

0.1164 

0.000843 


* With acids (sp. gr. 1.025-1.240) the eatire sample of iron diss<dved inade 
of 15 min. 
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Tablb 5 
Sp. Gr. = 1.260 
T = o^C 



A = 

13.022 


1 

B \ 

* 

m 

K 

15 

0.0137 

0.1767 

0.000254 


0.0124 

0.1767 

0,000229 

30 

0.0139 

0.1776 

0.000129 


0.0134 

0.1760 

0.000123 

45 

0,0140 

0.1705 

0.000088 


0.0153 

0.1756 

0.000095 

60 

0,0117 

0.1733 

0.000055 


0.0176 

0.174T 

o.oock)8i 


Table 6 


Sp. Gr. = 1.400 
T = 0° C 
A = 22.855 



—"T •' .r _ _ 


-- 

e 

X 

m 

K 

15 

0.0001 

0.1827 

0.00000273 


0.0001 

0.1822 

0.00000274 

30 

0.0003 

0.1827 

0.00000137 


0.0003 

0.1809 

1 0.00000137 

45 

0.0002 

0.1834 

0 00000091 


i 0.0003 

0.1842 

0.00000091 

j 60 

0.0003 

0.1837 

0.00000068 


0.0001 

0.1813 

0.00000068 


From an inspection of Table 3, it is seen that since the 
value of K remains practically constant throughout, the loss 
of iron in the varying concentrations of add is in exact agree¬ 
ment with the mass action theory of reaction velocity in hetero¬ 
geneous systems on the basis of the equation assumed, and from 
this fact we may conclude that there is no inhibition to re¬ 
action, and, hence, no tendency towards the development of 
passivity as time goes on. 

In Table 4 there is a similar agreement in the time-con¬ 
centration relation, but the value of the constant is about 
one-fifth that of the corresponding value in the preceding table. 
This means that in the stronger add there is a marked de¬ 
crease in the rate of reaction. Notwithstanding this, how¬ 
ever, 1.250 acid does not develop a passivity which increases 
with the time of action. 

Table 5 gives data which show the first evidence of the 
gradual development of the passive state. The value of the 
constant for the fifteen-minute period is about one-third that 
of the corresponding value in Table 4; and for the thirty-, 
forty-five and sixty-minute periods in the same concentration 
of add these values become still smaller. The attack on the 
iron is practically limited to the first fifteen minutes of re¬ 
action, as is shown by the values of x, which, with slight varia- 


^ Probable error. 
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tions, are practically constant after that time. Thus, at the 
end of the thirty-minute period, the inhibiting force reaches 
its maximum value, and the attack of the acid is practically 
stopped. At 0° C the passive point or what we will hereafter 
call the “passive break,” occurs somewhere between add 
concentrations of 1.250 and 1.260. 

The passive break is shown in the Curve la, Plate I, 
where the acid concentrations, expressed in grams of nitric 
add in twenty-five cubic centimeters of solution, are abscissae 
and the values of K X 10® are ordinates. The cmv^e is plotted 
from values of K obtained at 0° C, for sixty-minute periods. 



o e ^ o e /o /s fo /s so ea S 4 

Plate I> 


using data for all concentrations of acid in Table i. The 
add concentration, 12.444, corresponds to HNOs (1.250). 
The curve is made up of three parts, one (BC) showing the 
gradual decrease of the velodty constant with increasing con¬ 
centrations, the second (BA) showing the very rapid drop 
of the velodty constant to a very small value, and OA showing 
the very slow decrease of the constant in passivifying adds. 
ib shows the same curve except that the value of K is multi¬ 
plied by 10^ instead of 10®. In these curves identical letters 
refer to identical points. The latter curve is introduced to 
show that the drop in the velodty constant is a gradual, although 
a very rapid one, in the portion BA. 


^ Abscissae are grams HNOj per 25 cc. 
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The portions of the curves represented by AB show the pas¬ 
sive break. This point has the characteristic that acids having 
greater concentrations will induce passivity, passivity always 
being considered as a somewhat variable quantity, whereas 
those acids having lower concentrations will activify. Even 
so, it is to be seen that neither passivity nor activity are 
perfectly definite states. All passive iron even in passivifying 
acids is still undergoing some solution. In acids more dilute 
than those corresponding to the passive break, iron is slowly 
and imperfectly activified, while in the still lower concentra¬ 
tions this is accomplished more rapidly and completely. 

Table 5 gives the results for acid of density 1.400, the 
highest concentration used in the experiments. The value 
of the constant has suffered a very marked decrease, and there 
is, nevertheless, as the table shows, a very slow rate of solu¬ 
tion. The 1.400 acid is, therefore, a strongly passivifying 
acid. 

The results indicated by the data in these tables is con¬ 
firmed and amplified by the results given in the complete sum¬ 
mary of all results, namely Table 2, and the complete data 
for the curves la and 16 in Plate I were taken from this table. 

It is to be noted that in some cases, namely in those ex¬ 
periments carried on with acids of high passivifying power, 
the whole measurable amount of reaction was over in the first 
fifteen minutes. In such cases, of course, the decrease of the 
values of K with increasing time is without particular signif¬ 
icance. 

From the results given above, we must conclude that an 
increase of concentration of nitric acid inhibits the rate of 
solution of iron very greatly even at concentrations which 
are not suflScient to produce visually complete passivity. 
In concentrations of acid just below the passive break, that 
is, from 1.200 to 1.25, it is also evident that the degree of 
inhibition increases very materially with the time of action. 
In no case was the development of the inhibition complete 
at the end of one hour, although in some cases the sample of 
iron had completely dissolved at that time. When the density 
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of the acid used reaches 1.260, there occurs a break in the re¬ 
action velocity. The values of K fall off at a far more rapid 
rate than in more dilute acids, although even here the drop 
is not abrupt. Rather the values of K decrease at a measm- 
able pace to the very small values corresponding to visually 
complete passivity. Visually complete passivity is not per¬ 
fect passivity, but merely a very slow rate of reaction. 

Rate of Solution of Iron in Passivifying Acids 
In order to be positively sure that there was solution of 
iron in passivifying acids, and to obtain some data on the 
solution rate, the following experiments were devised: Weighed 
samples of iron and ten cubic centimeters of nitric acid (1.300) 
were placed in Jena test tubes and the tops of the tubes drawn 
out to a capillary to prevent evaporation. Duplicate sets 
were prepared to allow of observations over a period of twelve 
weeks. At the end of the periods specified in the table the 
samples were removed from the acid, washed, dried, and re¬ 
weighed. The data appear in Table 7. The entire experi¬ 
ment was repeated with nitric acid (1.400) and Table 8 gives 
the results so obtained. 


Tabue 7 Table 8 

Sp. Gr. = 1.300 Sp. Gr. = 1.400 

A = 6.174_ _ _A = 9^142 


JO 

in 

A- 

m 

K 

m 

. 

X 

m 

K 

weeks 

1 



wks. 




I 

0.0043 

0.1820 

0.00279 

I 

0.0043 

0.1793 

0.00166 


0.0043 

0.1813 

0.00255 


0.0040 

0.1790 

0.00157 

2 

0.0062 

0 1786 

0.00187 

2 

0.0077 

0.1778 

0.00158 


0.0060 

0.1808 

0.00181 


0.0079 

0.1796 

o.oor6i 

3 

0 (X)tS6 

0.1792 

0.00174 

3 

0.0123 

0.1748 

0.00168 


0.0088 

0. I 804 

0.00179 


O.OIT 5 

0.1748 

0.00159 

5 ' 

! 0.0150 

0.1751 1 

0.00183 

5 

0.0209 

0.1719 

0.00176 


; 0.0143 1 

0 1751 

0.00174 


0.0197 

0.1726 

! 0.00165 

6 

, 0.0187 1 

i 0.1752 

0.00191 

6 

0.0244 

0.1678 

0.00173 

8 

i ^177 

j 0 1729 

0.00183 


0.0243 

0.1712 

0.00170 

I 0.0258 

i 0.1694 

0.00201 

8 

0.0356 

0,1619 

0.00196 


; 0.0259 

0.1690 

0.00204 


0.0367 

0.1651 

0.00196 

10 

0.0347 

0.1668 

0.00220 

lO 

0.0452 

0.1584 

0.00197 


1 0.0340 

O.T651 

0.00218 


0.0454 

0.1601 

0.00197 

12 j 

0.0413 

0.i6i8 

0.00222 

12 

0.0544 

0.1544 

0.00202 


0.0427 

0.1614 

0.00230 


0.0547 

0.1540 

0.00203 
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From these tables it is evident that there is a continuous rate 
of solution of iron even in passivifying acids. The results 
further show that while the absolute amounts of solution 
(values of x) is noticeably greater in the stronger than in the 
less strong acid, nevertheless, this increase is not sufficiently 
great to make up for the theoretical effect (as demanded by 
the mass action law) of the increased concentration of the acid 
used. This accounts for the fact that while in the stronger 
acid the values of x are larger, the values of K are smaller. 
This points, of course, to an increased inhibiting effect with 
increasing concentrations, even with these extremely strong 
acids. 

The Time-Temperature-Concentration Function 

From the data given in Table 2, a number of cross com¬ 
pilations might be made. In Plate II are shown the values 
of K X 10® plotted against the time for five concentrations 



Plate II 

of acid at 0°, 10° and 20° C. Each indiAddual curve shows 
the decrease in the velocity constant with increasing time. 
With decreasing concentrations of add the curves assume a 
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steeper slope, showing a rapid falling off in the value of the 
constant in partially passivifying acids. It will be seen that, 
in the case of acids of higher concentrations, namely, 1.400, 
1.300, and 1.275, values of the constant for the sixty-minute 
periods are nearly the same at all temperatures, while for the 
shorter periods the value increases as we pass from 0° to 10° C, 
and then remains constant or decreases slightly from 10 
to 20° C. With 1.250 acid at 0° C, the value of the constant 
is so large as to be entirely off the plate. Some of the points 
for the duplicates show considerable variation, but when we 
consider that the amounts of iron dissolved are extremely 
small, they are no greater than is to be expected. The facts, 
which are brought out above, seem to indicate a much slower 
development of passivity at 0° C than occurs at 10° and 20° C, 
and we have the curious phenomenon, between 0° and 10° C, 
of a reaction with a negative temperature coefficient. Thus, 
1.250 acid shows no development of passsivity at o°C. At 
io° C the constants are smaller from the start, and rapidly 
decrease with time. (Compare values for 0° and 10® C in 
Plate II.) In the summary possible explanations of these 
phenomena will be given. (See Summary B, 8.) 

The Temperature Function of the Passive Break Concentra¬ 
tion 

It has been previously pointed out that at a given tempera¬ 
ture there is a fairly definite concentration of acid, above which 
the reaction rate diminishes rapidly. This point in concen¬ 
tration we have called the “passive break.” At different 
temperatures this passive break occiurs at different concen¬ 
trations. The following data show this. The values for 0°, 
10° and 20° C arc taken from Table 2, while that for 100° C 
is taken from an experiment to be described later. 

Pas.sive break density 1.260 1.230 1.250 1.300 

Temperature 0° 10“ 20° 100° 

Thus the pa.ssive break concentrations decrease from 0° to 
10° C, and thereafter increase. 
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Miscellaneous Experiments 


In view of the fact that a better understanding of vSome 
of the phenomena of passivity was obtained from the pre¬ 
ceding investigation, it was considered advisable to repeat 
certain of the preliminary experiments, not only as checks, 
but also with the hope that new phases of the problem would 
present themselves. 

Different Samples of Iron.- -Although many investigators 
claim that impurities do not influence the passivity reaction, 
it was found to be nevertheless true that different grades of 
metal gave different results. In the case of “Stubb’s Drill 
Rod,” nitric acid 1.300 failed to passivity. This was also 
true in a few cases with “Bessemer Steel Rod.” “Merck’s 
Pure Iron Wire,” however, gave better results, and acid of 
specific gravity 1.300 produced passivity in every case. In all 
of the following experiments Merck’s wire was used exclu¬ 
sively. 

Reaction at Higher Temperatures. —It was found that the 
amounts of iron dissolved were approximately the same in acid 
of density i .300 at all temperatures used in the reaction velocity 
experiments. With a view of obtaining data at a still higher 
temperature, the following experiment was made at the boiling 
point of the acid. Nitric acid (1.300) was heated to its 
boiling point (about 115.3° C) and the sample of iron dropped 
into the hot acid. Violent continuous action occurred for 
some time, after which the iron became partially passive, a 
slow evolution of nitrogen peroxide persisting. The acid was 
allowed to cool slowly and the tube was jarred at frequent 
intervals. 

Table 9 


Boiling point of acid 


Visible action from 
boiling point to 


Temperature at which 
jarring produced no 
further action 


115*0 

115.5 

115*3 


o 

o 

o 


c 


101.0® c 

99.0® 

100 . 0 ® 


84.0® c 

80.0® 

83.0® 
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This jarring always produced temporary action for a few 
seconds. As the tube cooled, a point was always reached at 
which jarring would not produce this temporary activity. 
Table 9 gives the results of the experiment. While there is 
a great probability that there is considerable solution of iron 
at temperatures below 100° C, we may conclude that the passive 
state is fairly stable under these conditions, and that the passive 
break will occur somewhere about 100° C for acid of this 
strength. No explanation of the fact that jarring produces 
temporary activity can be offered at this time. 

Effect of Time of Immersion. — A. sample of iron was im¬ 
mersed in ten cubic centimeters of nitric acid (1.400) for five 
seconds and then quickly transferred to ten cubic centimeters 
of 1.050 add until active, after which it was returned to the 
first add for five seconds. This procedure was repeated until 
the iron remained passive in the dilute acid for a period of 
at least ten minutes, the same portions of the acids being used. 
Sets were also run for immersion periods of fifteen, thirty, 
and sixty seconds in the 1.400 acid and the results are re¬ 
corded in Table 10. 


Tabls 10 

B — s sec. B = 15 sec. 


N 


e' 



e' 



I 

2 

3 

I 

2 

3 

I 

4 

2 \ 

4 

8 

7 

9 

2 

1 10 

12 \ 

20 

12 

17 

10 


1 18 

1 44 

64 

26 

18 

19 

4 I 

1 53 

1 60 

86 

26 1 

17 

15 

5 

— 

10 min. 

1 

i 

37 

21 

30 

6 

— 

— 

1 - 

93 

42 

29 

7 

— 

— 

! 


63 

70 

8 ! 

— 

— 

— 


JO min. 

[ — 

9 

j 

— 

— 



— 

10 


— 

— 



1‘v- 

1 

II 

— 

— 

— 

— 

— 
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6 = 30 sec. e = 60 sec. 


N 


e' 



e' 


I 

2 

3 

I 

2 

3 

I 

6 

12 

6 

15 

14 

13 

2 

14 

18 

lO 

17 

20 

19 

3 

17 

17 

19 

14 

16 

29 

4 

i 10 

17 

15 

15 

18 

35 

5 

! 18 

14 

18 

18 

17 

46 

6 

: 19 

26 

27 

23 

21 

50 

7 


35 

54 

21 

22 

45 

8 

! 44 

37 

23 

23 

20 

55 

9 

1 

10 min. 

— 

30 

30 

— 

10 

1 — 

— 

— 1 

53 

33 

— 

II 

i 

1 



46 

45 

10 min. 



6 is the time of immersion in 1.400 acid, B' is the time in seconds 
required to destroy passivity in 1.050 acid, and N is the 
number of immersions. The results are taken from a complete 
series of observations on ten independent samples for each im¬ 
mersion period. Of these, the results for three samples only 
are reported here. 

Despite the slight disagreement in some instances, the 
experiment clearly shows that the time of immersion in passivi- 
fying acids has a marked influence on the degree of passivity. 
For shorter periods of immersion there is a decrease in the 
number of trials necessary to retain passivity for ten minutes, 
while the longer passivif)dng immersions give at the outset 
a longer persistence of passivity in the activifying acid. For 
these phenomena, we have no explanation at present. 

Experiments with the Same Portions and also with Fresh 
Portions of Acids--It was thought to be interesting to find if 
the time of activation after passivification was varied by the 
number of immersions in the same portions and also in fresh 
portions of both activifying and passivifying adds. The 
following experiments were carried out tmder laboratory con¬ 
ditions. The method of procedure was the same as that em¬ 
ployed in the preceding experiment, one minute passivif5dng 
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imm ersions being used. The work was divided into five parts 
and five samples of iron were used for each part. 

(a) Sample of iron passivified in same portion of 1.400 
acid and activified in same portion of 1.050 add. 

(b) Sample of iron passivified in same portion of i.*400 
acid and activified in fresh portions of 1.050 add. 

(c) Sample of iron passivified in fresh portions of 1.400 
acid and activified in same portion of 1.050 add. 

(d) Sample of iron passivified in fresh portions of 1.400 
acid and activified in fresh portions of 1.050 acid. 

(e) A fresh sample of iron passivified and activified in 
the adds already used in part (o). 

The results are given in Table ii. 

Table 11 

d = one minute 

6 ' = time in seconds of persistence of passivity in 1.050 acid 

N = number of immersions 



(a) 

(A) 

(a) 

id) 


(e) 

I 


14 

8 

9 

16 

8 

15 

8 

II 

II 

2 

17 

20 

H 

15 

19 

13 

17 

15 

18 

— 

3 


i6 

19 

19 

16 

15 

18 

18 

10 min. 

4 

15 

18 

21 

21 

18 

17 

17 

19 



5 

18 

n 

24 

22 

18 

20 

15 

18 



6 

23 

21 

25 

26 

15 

20 

19 

21 



7 

21 

22 

28 

30 

16 

27 

18 

20 



8 

23 

20 

32 

36 

23 

30 

20 

24 



9 

30 

30 

33 

37 

27 

39 

25 

26 



10 

53 

33 

45 

39 

29 

42 

23 

29 



II 

1 

10 mm. 

35 

52 

41 

— 

29 

39 



12 1 



51 

50 ; 

10 mm. 

31 

40 



13 1 



67 

, 57 i 



40 

39 



'4 1 



78 

i 64 ! 



38 

48 



^5 i 



79 

! 78 1 



48 

55 



16 



88 

i 93 i 



61 

73 



17 



102 

96 i 



70 

1 68 



18 



106 

102 



69 

84 






Not 



Not 






passive 



passive 
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These data show that the difference in effect produced 
by using the same portion or fresh portions of the passivifying 
acid is very slight, while in the case of the fresh portions of 
the activif3dng acid the iron was not made passive for a period 
of ten minutes even after eighteen immersions, while with used 
portions, a far less number of immersions accomplished this. 

The results shown in part (e) are most striking. Such 
results as these may be duplicated at will. In fact, where 
only two duplicate experiments are given in each part, five 
were actually performed. The interesting point is that activi- 
fying acids, even as dilute as 1.050, sooner or later lose their 
activifying power when repeatedly used for this purpOvSe, 
while fresh acids will always activify. An explanation for 
this will be given later. (See Summary B, 3.) 

Influence of Different Strengths of Nitric Acid on Passivity. 
—The experiments were carried out under laboratory condi¬ 
tions. The samples of iron were subjected to the action of 
different concentrations of acids which were known to passivify 
and then transferred to acids which would activify. The 
time of immersion was sixty seconds in the case of the passivi¬ 
fying acids. Table 12 gives the data taken from five separate 
determinations in each case. 

From the table it appears that with decreasing concen¬ 
trations of passivifying acids the persistence of passivity in 
the same activifying acid always increases. In the case of 
passivifying acids of the densities 1.260 and 1.270, it would 
seem that, by use, these acids became diluted to a strength 
below that required to produce passivity, although up to this 
time the persistence of passivity was greater than with stronger 
acids. A possible explanation of the above phenomenon will 
be offered in the summary. (See Summary B, 9.) It will 
also be noticed that the more dilute the activifying acid, 
the less persistent the passivity. 

Effect of Contact with Platinum and Zinc. — A piece of 
platinum wire was wound around the iron sample and the 
usual procedure followed. The results given in Table 13 are 
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Table 12 


Activifying 

adds 

Passivifying adds 


1.400 

1.300 

1-275 

1.270 

1.260 


= time in seconds 

r.250 

10 min. 

10 min. 

10 min. 

10 min. 

10 min. 

1.200 

10 min. 

10 min. 

10 min. 

10 min. 

10 min. 

1.100 

8 9 

15 15 

17 18 




18 18 

19 23 

36 39 

43 44 




10 min. 

10 min. 

10 min. 



1.050 

15 14 

15 18 

25 28 

39 36 

56 75 


17 20 

26 30 

51 35 

69 66 

153 145 


14 16 

36 40 

100 97 

160 138 



15 18 

52 59 

135 H 7 

196 231 

Fails to 


18 17 

75 93 

189 204 

Fails to 

make 


23 21 

1 

109 116 

10 min. 

make 

passive 


21 22 

10 min. 


passive 



23 20! 
30 30 1 
53 33 
46 45 1 

lomin. 1 






for sixty-second immersion periods in 1.400 acid and d' is the 
time in seconds in 1.050 acid. 


Table 13 

e' = time in seconds 



128 138 

72 hours 

While no explanation of the effect of platinum on the 
passive state can be given at this time, the results show that 
the nobler metal exerts an inhibiting effect on the activifica- 
tion of iron in dilute nitric acid, a fact previously noted by 
both Faraday and Schoenbein. A peculiar phenomenon 
was noticed in connection with the effect of platinum. The 
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nobler metal was wound around the middle of the iron sample 
and the couple placed in add in which the iron alone would 
have remained active. It became passive. If one end of 
the iron wire was now touched with zinc, that end only became 
active and remained so as long as the zinc was in contact. 
'In some instances after removing the zinc, the end formerly 
passive became active for a moment and as it became passive 
again the opposite end became active. The alternations 
often occurred foiu or five times before the entire wire be¬ 
came passive. No explanation of this phenomenon is offered 
at this time. Zinc always activified the iron immediately 
by contact in dilute acids in which it would have otherwise 
remained passive for some time. 

The Influence of Iron Salts .—In order to ascertain the 
influence of iron salts on passivity, the following experiment 
was performed: Samples of iron, previously weighed, were 
placed in ten cubic centimeters of nitric add (1.300), together 
with one cubic centimeter of ferric nitrate solution containing 
0.0653 grams of iron and 0.5304 gram of nitric acid in each 
cubic centimeter. The density of the ferric nitrate solution 
used was 1.4459. The tops of the test-tubes containing the 
samples were drawn out to capillaries. After a spedfied 
time had elapsed the tubes were opened, the iron removed, 
washed, dried and reweighed. 

Tabi^E 14 

A = 6.704 


e 

X 

m 

K 

I 

0.0052 

0.1813 

0.00280 


0.0062 

0.1804 

0.00338 

2 

0.0079 

0.1792 

0 00220 


0.0079 

0.1760 

0.00222 

3 

O.OIIO 

0.1759 

0.00209 


0.0126 

0.1776 

0.00236 

5 

0,0208 

0.1710 

0.00239 

0.0199 

0.1753 

0.00226 

6 

0.0260 

0.1716 

0.00247 


0.0239 

0.1697 

0.00231 
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The values of K were calculated and the data appear in Table 
14, where $ is in weeks, x is loss in grams, A is the acid concen¬ 
tration in grams of nitric add in each ten cubic centimeters, 
and K is the reaction velodty constant, which measures the 
amount of iron dissolved from one square centimeter of sur¬ 
face in one week under laboratory conditions. At the time of 
starting the experiment it was noticed that there was a rapid 
initial action for a few seconds which accounts for the seemingly 
large amount of iron dissolved in the first week. The table 
shows a slight decrease in the amount of iron dissolved as com¬ 
pared with Table 7 where there was not an excess of iron. 
However, this is not so great as to be very significant and we 
may conclude that the presence of iron salts has little or no 
effect on the passivity reaction. 

The Influence of Nitrites .—To determine the influence of 
nitrites on the passivity reaction, a solution of sodium nitrite 
was prepared containing fifty grams of the salt in five hundred 
cubic centimeters of solution. Three-hundredths of a cubic 
centimeter of the solution was added to ten cubic centimeters 
of nitric add (1.400) and this combination was used as the 
passivifying agent. The persistence of passivity was de¬ 
termined as usual in i .050 add. The results appear in Table 15. 

Table 15 


N 

1 d' in seconds ! 

N 

6 ' in seconds 

I 

13 

i 1 

10 j 

6 

28 

44 

2 i 

1 

16 i 

1 7 

37 

47 

3 j 

20 

25 ] 

8 

37 

57 

4 

21 

29 1 

9 

10 mm* 

5 

23 

35 ! 


1 



These results are but little different from those obtained 
without the addition of nitrites. The experiment was re¬ 
peated, adding the nitrite solution to the activifying add 
instead of the 1.400 acid. The influence of nitrites on the 
reaction is very evident when added to the activifying acid, 
in which case the iron remained passive for more than seventy- 
two hours in every case. 
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Experiments with Nitrogen Peroxide and Iron. —Our at¬ 
tention was called to the fact that those strengths of nitric 
acid, which were capable of passivifying iron, gave off, on 
standing, reddish brown fumes of the higher nitrogen oxides 
while activifying acids are water-white, and it seemed possible 
that this gas might be a factor in the passivity reaction. To 
obtain some data on this point and also to find whether a 
measurable amount of this gas was occluded, the following 
experiment was carried out: Nitrogen peroxide was generated 
by the action of concentrated nitric acid on copper, the gas 
dried over phosphoric anhydride, and liquefied at atmospheric 
pressure in a bulb cooled with a freezing mixture. The liquid 
so obtained furnished the gas used in the experiment. 
It was soon noticed that when much of the gas escaped into 
the room, files and other iron instruments became passive. 
Iron samples passivified in the dry gas remained for many 
hours in dilute nitric acid without any inclination toward 
activification. Since the metallic surface remained bright 
and also since exposure to the air had little effect, we were led 
to suspect that there was a possibility that the metal occluded 
much of the gas and formed something of the nature of a ni¬ 
trogen peroxide-iron alloy, or in some other way entered into 
reaction with the iron. Following this idea an apparatus of 
the design shown in Fig. 2 was prepared. The bulb h was 



Fig. 2 


filled with “Merck’s Pure Iron Wire for Standardization’’ 
and the entire apparatus thoroughly dried by desiccation over 
phosphoric anhydride and aeration with pure, dry air. The 
apparatus was then connected with a supply of nitrogen per¬ 
oxide and a stream of the gas allowed to flow through the tube 
for one hour. The gas was displaced by dry air for the same 
length of time and the following data gathered: 
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71.2900 g^ms 
71.2674 grams 


0.0226 grams 
71.2674 grams 
66.6001 grams 


4.6673 grams 

Weight of nitrogen peroxide occluded by one gram 

of iron = 0.0226/4.6673 = 0.00484 grams 

Immediately after the dry iron was removed from the 
tube, and exposed to air (the atmosphere was moist) small 
liquid globules appeared on its surface, which proved to be 
strongly acid. It was undoubtedly either nitric acid or a 
mixture of this with nitrous acid. This point will be further 
investigated. 

These results lead us to suspect that passivity is due, 
not to nitric acid itself, but to nitrogen peroxide, or at least 
to oxides of nitrogen higher than nitric oxide. Whether the 
active agent is nitrogen peroxide or possibly nitrous acid is 
virtually impossible to determine, because nitrous acid always 
breaks down readily yielding the oxide and peroxide of nitro¬ 
gen, and the peroxide on dissohdng in water always yields 
nitrous acid. Thus, in all cases, in aqueous solution, nitrous 
acid, nitrogen peroxide and litric oxide presumably exist 
together. 

It is perfectly possible that both nitrous acid and nitrogen 
peroxide may be passi^afying agents. That nitric oxide is 
not will be shown in the following experiment. 

Experiment with Nitric Oxide and Iron .—Nitric oxide was 
prepared by passing the gases from the reaction of dilute nitric 
acid on copper through a freezing mixture and then through 
water, thus removing the peroxide. The gas so obtained had 
no effect on iron as far as passivification was concerned. 

History of the Effect of Nitrogen Peroxide on Iron 

It is of interest in this connection to note that there are 
at least four instances, in former work on the subject of 
passivity, where nitrogen peroxide was noted by investigators. 


Weight of tube, iiron and nitrogen peroxide 
Weight of tube and iron 

Weight of nitrogen peroxide occluded 
Weight of tube and iron 
Weight of tube 

Weight of iron 
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Schoenbein* found that when the temperature of nitric 
acid (1.36) was raised to 70° C, a gas was given off which he 
called the “deutroxide of nitrogen,” and that up to this point 
the iron remained inactive. 

Herschel® noticed that after nitric acid (1.399) was re¬ 
peatedly used for passivification, it became unfit for use. He 
ascribes the reason, ‘‘because it was impregnated with nitrous 
gas.” 

Varenne® found that when passive iron was made active 
in vacuo, there was an evolution of an orange-colored gas 
which he believed to be the ‘‘peroxide of nitrogen.” 

Grave^ found that iron heated in nitrogen up to white 
heat was pa.ssive and also that ionized nitrogen was a good 
passivdfying agent. These phenomena are quite referable 
to traces of oxygen which under these conditions might yield 
some nitrogen peroxide. 

I'Voin a consideration of any of tlie.se four statements, it 
seems strange that the possibility of passivification in nitrogen 
peroxide directh' has never occurred to investigators long be¬ 
fore this time, since it appears to be the next logical step in 
each of the above instances. 

Summary 

/I. The results of an extensive set of velocity determina¬ 
tions of the reaction between iron and nitric acid are given. 
These were carried out wnth acids of densities ranging from 
1.025 fo 1.400, by small intervals, and the measurements 
were duplicated for three different temperatures, namely, 
0°, 10° and 20° C. Isolated observations at higher tempera¬ 
tures are also given. From these results are drawn the follow¬ 
ing conclusions, the reference data being taken from results 
at 0° C. As these results do not differ very materially from 
those at 10° or 20° C, the conclusions are generally applicable 
to aU results. 

‘ Phil. Mag., (3) 9, 259 (1836). 

• Ibid., (3) II, 329 {«836) 

‘Ibid., (5)9,76(1836). 

‘ Loc. cit. 
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1. The value of the velocity constant for the solution of 
iron by nitric add decreases with increasing concentration 
of add throughout the whole range investigated. 

2. This decrease in rate is not uniform, but shows a rapid, 
though not vertical drop in the velodty constant at the con¬ 
centration corresponding to a density of 1.260! 

3. In all concentrations of add of 1.260 or greater, the 
value of the velocity constant shows a decrease with the time 
in a given experiment. That is, the rate of solution of iron 
is most rapid at the start and falls off as the reaction continues. 
This is to be interpreted as a gradual development of passivity, 
increasing as the reaction proceeds. 

4. The concentration 1.260 is thus characterized by two 
things: first, it is the point, in concentration of add, at which 
progressive passivification begins; second, it is the point at 
which the rapid drop in the reaction rate takes place. For 
want of a better term, we have called this point the “passive 
break.” 

5. The passive break is not independent of the tempera¬ 
ture, but seems to fall somewhat from 0° to 10° C, thereafter 
to rise to 20° C and even to 100° C, as shown by a few ex¬ 
periments. 

6. Passivifying acids, no matter how concentrated, 
bring about a slow but steady solution of iron. 

B. Passivification by Nitrogen Peroxide .—It is shown that 
a degree of passivity, far greater than any produced by the 
strongest nitric acid, is brought about by exposing iron to 
dry nitrogen peroxide gas. Nitric oxide is without effect. 
This fact explains many of the phenomena of passivification 
which we, as well as others, have observed. 

I. Passivifying acids are more or less yellow or red, 
i. e., contain some of the higher oxides of nitrogen,' while 
those adds which activity, in general, remain water-white. 

■ On account of the reversibhity of the reactton, Nrf), - NO* -|- NO, 
in aqueous solution, it is impossible to state with certainty whether the nitrogen 
peroxide or the nitrous acid is the passivifying agent, or whether boUi perform 
this function. ^ All statements that are made here concerning the effects of 
nitrogen peroxide must, thus, be considered subject to this reservation. 
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2. The great preponderance of opinion in the literature 
is to the effect that acids of low concentrations yield nitric 
oxide alone, while those of higher concentration yield some 
nitrogen peroxide also. Our results would make it seem prob¬ 
able that those acids which passivify are such as yield nitrogen 
peroxide in sufficient amounts, while activifying acids are 
those of such dilution as do not yield sufficient amounts of 
this substance. We have not, as yet, been able to investi¬ 
gate this point any further. 

3. Activifying acids (even quite dilute ones such as 1.050) 
lose their activif)dng power when repeatedly used. This is 
presumably due to the accumulation of dissolved nitrogen 
peroxide (or nitrous acid) as a result of such use. 

4. Experiments, which we have performed and which 
are too simple to need description, showed that acids in which 
iron is ordinarily active, rapidly produce passivity when 
small quantities of nitrogen peroxide are bubbled through 
near to the iron which is being attacked. 

5. A similar effect is produced by the addition of nitrites. 

6. When iron is passivified in nitrogen peroxide, a con¬ 
siderable, easily weighablc. amount of the peroxide is absorbed 
by the iron. On exposure to moist air, the absorbed peroxide 
combines with the moisture and is converted into drops of a 
strongly acid liquid, presumably nitric acid, probably mixed 
with nitrous. 

7. While we have, as yet, been unable to determine the 
minimum concentration of nitrogen peroxide capable of pro¬ 
ducing noticeable passivity, it seems likely that but little is 
necessary, since all iron and steel articles in a room in which 
a little of the gas is allowed to escape, assume a very con¬ 
siderable degree of passivity. The observation of Grave 
(loc. dt.) that iron which is exposed to the silent discharge 
in tubes evacuated from nitrogen, is probably to be explained 
as due to the formation of some nitrogen peroxide in the tube. 

8. Schoenbein’ records that when a bar of iron is only 
partially immersed in a passivifying add, the unimmersed 

• Phil. Mag.. (3) 9, 53 (*836). 
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portioti also becomes passive. We have found that this is 
wholly due to exposure to the higher oxides of nitrogen (nitric 
anhydride, NjOs passivifies as well as nitrogen peroxide^). If 
the unimmersed portions are protected from contact with 
the vapors and gases evolved, they do not become passive, 
as we have determined experimentally. 

9. It has been pointed out that while nitric acid of density 
1.250 shows markedly the phenomenon of the development 
of passivity with time at 10° and 20° C, it does not show this 
at o® C. In the light of the foregoing discussion, the probable 
explanation is that such acid develops nitrogen peroxide at 
10° C, but does not do so at 0° C. 

10. Another curious fact brought out in the body of this 
paper is that the more dilute the passivifying acid the greater 
is the persistence of the passivity produced when it is brought 
into the activif)dng acid. No very positive explanation of 
this fact seems possible without further investigation. It 
may be, however, that, owing to the more gradual develop¬ 
ment of the passive state in the weaker acids, time is offered 
for a deeper penetration of the iron by the gas, or by whatever 
condition constitutes the passive state. 

C. The best conception of the passive state, as induced 
by nitric acid, which we are able to formulate, as a result of 
otur investigations, is somewhat as follows: 

1. The passive state is not a definite one. There may be 
an indefinitely great number of degrees of passivity, taking the 
rate of solution of iron as a measure of the degree of passivity. 

2. The passive state seems to be the result of an equi¬ 
librium between iron and nitrogen peroxide. Iron is capable 
of absorbing nitrogen peroxide from any solution in which 
it is being produced, and the rate of reaction is thereby in¬ 
hibited. The degree of inhibition will, therefore, be de¬ 
termined by the concentration of the nitrogen peroxide which 
the reaction itself is capable of maintaining. In strong add 
this concentration is great, and in weak adds it is small, 
or perhaps zero. Thus, when a piece of iron, which has sui- 
justed its rate of solution to a strong passivifying add, is 

' R. Weber: Jour, prakt. Chem., (a) 6, 343 (1873). 
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brought into a more dilute one, it is charged with a higher 
concentration of nitrogen peroxide than can be maintained 
in the more dilute add, and a new adjustment takes place, 
whereby the iron slowly gives off some of its store of inhibiting 
peroxide. This results in an increased rate of solution, which 
is what is usually called “activification.” The slow develop¬ 
ment of activity in such cases is thus explained, as is also the 
fact that the “lag” in activification is less the more dilute 
the activif)ring add. 

3. Since iron passivified by dry nitrogen peroxide gas is 
much more persistently passive in activif)dng adds than that 
which is passivified in nitric add, it would seem probable 
that the amount of nitrogen peroxide absorbed by iron, from 
even very concentrated nitric add, is relatively quite small. 

4. What has been called, the “passive break” in the 
concentration of nitric add is, from our i>oint of view, to be 
looked upon as that concentration at which the reaction be¬ 
gins to develop relativdy large amounts of nitrogen peroxide. 
At concentrations below the passive break, it would seem 
probable that nitrogen peroxide in decreasing amounts is 
still being developed, since the values for the velocity constants 
continue to increase with dilution, although, as has been 
pointed out, it is difficult to say how much of this effect is 
due to increased electrolytic dissodation of the add. We 
have not, as yet, been able to investigate this point any fur¬ 
ther, but hope to do so at some futiu-e time. 

5. As to why nitrogen peroxide should produce passivity, 
or as to what the ultimate mechanism of the process is, we 
do not fed that we can say much. Whether passive iron is 
a solid solution of nitrogen peroxide in iron, or whether the 
result of the action of the peroxide on the iron is the reversible 
production of some highly oxidized condition of iron, are 
questions which we do not fed competent to discuss. We 
may state, however, that we have observed nothing which 
seems to indicate the existence of anything like a true gas 
film in any case. 

Lahotatory Physical Chemistry 
Stanford University 
May, jp 2 S 
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BY J. E. MILI,S 


In a recent article by the author in This Journal/ 
attention was called to the possibility of diagraming the in¬ 
ternal pressure produced by molecular attractive forces as 
a negative pressure. Several well known equations were 
studied and new relationships between these equations were 
pointed out. The facts and forces operating to produce 
these relations, were not, and are not yet, fully imderstood. 
But it seems worth while to point out other relations as they 
are recognized, in order to simplify the problem as much as 
possible to successive workers in this field. 

In order to avoid a rather useless repetition, figures, 
references, explanations of symbols, etc., used in the previous 
article are not here reprinted. 

I. In the previous article it was shown that the negative 
pressure at the critical temperature and volume could be 
found in four ways, namely: 


I. 


T _ P - _ ^T^ _ 


For isopentane the values obtained were respectively 161,800 = 
i59>5oo = 157.700 = 159,924, giving as the most probable 
negative pressure the average value 159,731. If to this nega¬ 
tive pressure the actually observed vapor pressure 25,005 
is added, a total critical pressure of 184,736 is obtained. Now 
if the theoretical vapor pressure for isopentane at the critical 
temperature and pressure is calculated from the equation, 

2. P = ' millimeters of mercury. 


the value obtained is 93,427. Now since ’2 X 93,427 = 186,854 
it will be seen that the total external and internal pressure 
at the critical temperature is equal, within the limit of ex- 


‘ Jour. Phys. Chem., 19, 257 (1915). 
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perimental error, to two times the theoretical vapor pressure 
for the substance under the same conditions, if the substance 
was a perfect gas. Similar results are obtained for other non- 
assodated substances. Why such a relationship exists is 
not yet clear to the writer. 

2. We have pointed out repeatedly since 1905 when the 
fact was deduced by the author as a consequence of an equa¬ 
tion given by Crompton that at the critical termperature, 


3 - 


^ _2R 
<iT V/ 


that is to say, at the critical temperature the rate of change 
of the pressure with the temperature is just twice what it is 
for a perfect gas under the same conditions. Since it now 
appears from the section above, that at the critical tempera¬ 
ture the total positive and negative pressure is also just twice 
what it is for a perfect gas, it is possible to write, 

dV _ (TT 

4. T’ 


where jt is used to represent the sum of the external and 
internal pressure, that is the total pressure. 

3. A similar equation to the one just given seems also 
to hold under many other conditions. From the usual equa¬ 
tion for a perfect gas PV = RT, it is easy to deduce the re¬ 
lationship at constant volume, 

dP _ ^ 

5 - P T 


Moreover, the equation of Ramsay and Young deduced for 
constant volume and nearly true for both liquids and gases, 

6. P-^T-a, 

can be thrown into the form, 

dP _ dT 
P + o T‘ 

As shown in the article of which this paper is a continuation 
o is to be regarded as representing the negative internal pres¬ 
sure. Hence, P + a represents the total pressure r and it 
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is dear that the relationship, ^ is at least very ap¬ 

proximately true at constant volume over a very wide range 
of voltime, ftfessure and temperatxire. 

But the equation seems also applicable, with a suitably 
modified interpretation, imder circumstances where a ccmstant 
volume is not maintained. Thus in the Clausius-Clapeyron 
thermodynamical equation, 

8. L = ^T(V-»), 

T being the heat absorbed (rejected) during the change in 
r dP 

volume is equal to J T?dv and, hence, ^ T must represent the 

average total pressure during the given change in volume. 
This interpretation is enforced in the previous article. There¬ 
fore, allowing the former symbols to apply to these changed 

average conditions, the relation ^ T = w or ^ is 

'again true. In fact, if the thermodynamical Equation 8 
is combined with the equation given by the author, 

9. X = — ®Vb) Calories, 

the relationship under discussion can be made much more 
spedfic. For we then get, 

dP ^ _ 31414 M'(*Vd — *Vd) 

dT V — v 

dP 

p ^ 31414 u\Sd - »Vb) _ ^ 

^ V — v ~ T' 

As shown in the previous paper, jg the 

mathematical average of the ordinates of the internal pres- 
siu*e curve between the limits V and v. Moreover, Equation 
II has already been proved true. At the critical temperature 
it reduces to, 

dP dt 

Pc + 3HHl*' “ T.’ 


10. 

whence 

11. 


12 . 
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giving the relationship discussed in Paragraph 2, more specifi¬ 
cally, for isopentane. 

V 

Dieterici’s equation, X = CRT In—, would give similarly 

dP dt 

V T ■ 

13. CRT In - 

i> 


As a matter of fact, the relationship, 

dP _ dT 
Total pressure T' 

is so persistently true over such a wide range of conditions as 
to suggest very forcibly that perhaps the relation expresses a 
universal law. Moreover, since both the temperature and the 
pressure are functions of the velocity of the molecules a gen¬ 
eral consideration of the meaning of Equation 14 rather 
strengthens the hope that it does contain a universal truth. 

Equation 6, and hence Equation 7, are not exactly true, 
and other objections to accepting Equation 14 as a universal 
law will appear to the critic familiar with the field here studied. 
After considerable consideration of the question I am inclined 
to the belief that Equation 14 does represent a very funda¬ 
mental truth, and that properly interpreted it may prove to 
be a universal and exact law applying to changes at constant 
volume and to phase change equilibria. For that reason I 
have suggested it here. Probably the pressure of the numer¬ 
ator should be taken also as referring to the total pressure. 

1 am a believer in thermod3rnainical formulae, but I 
have never been able to understand, and I have sought to 
understand, how such a relationship as the Clausius-Clapeyron 
Equation 8 can be applied to fusion, vaporization, and other 
phase change phenomena. Some explanations ignore in¬ 
finitesimals of the first order at will, though usually this is 
done in a non-mathematical sort of way to lessen the crime. 
Some apply the perfect gas, reversible cycle, reasoning without 
troubling much as to how the reasoning happens to be appli¬ 
cable. Others are at great pains to explain that there really 
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is a reversible process in phase change phenomena, because 
the process really can be reversed by infinitesimal tdianges, 
etc., etc. As a matter of fact the various arguments are 
made to give correct equations but I have always thought 
that this might be due to some undiscovered relationship. 
If Equation 14 is true of phase change equilibrium conditions 
extensive explanations of reversible cycles will not be required. 

4. In the previous article the negative pressure due to 
molecular attraction was expressed by the equation, 


15- 


A, - 

P 3V*/. • 


Writing the equation p)*'* — 1047 


and comparing with the equation for an adiabatic of a perfect 
gas, PV^ = constant, their similarity is noted. The so-called 
intrinsic energy of the adiabatic given by the equation. 


i6. Workoo = 


10471M 


rV'>'- 


( 73 -1)31414'V*" 


= n'Nd. 


corresponds with the energy given out by the molecules on 
coming together from an infinite distance apart to volume 
V, as derived in previous papers. In a perfect gas, pressure 
is caused by a given amount of kinetic energy, Ek^ according 
to the equation, 

P = 2 ^ 3I4UEk 
17- j- , 

while from Equation 15, the internal pressure, caused by a 
given amount of energy derived from molecular attractive 
forces following the inverse square law, is given by the equation, 

18. p - 


The same amount of energy produces twice the pressure in 
Equation 17 that it does in Equation 18. There is no error 
here, mathematical or otherwise. Since the pressure is pro¬ 
duced by the operation of different laws the same amount 
of energy corresponds to twice the pressure in one case as in 
the other. Since there is always present in a substance both 
tempo-ature energy and energy derived from attractive forces 
it is impCHtant to recognize the above fact. It suggests a 
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new meaning for the relationship pointed out some years ago' 
^ ^ ^ energy necessa^ to ovCTCome molecular attraction 

3 RTc ~ 2 X kinetic energy of molecules, 

C is the important constant of Dieterid’s equation, 


20. 


X = CRT In-. 

V 


Transforming Equation 19 from terms of energy to pressure, 
it will be seen that C should equal the ratio of the internal 
negative pressure at the critical temperature to the theoretical 
critical pressure. This is, as a matter of fact, true, for taking 

isopentane, and using values given, C = ^93427* ~ 1.710. 

The actually observ'^ed average value of C for isopentane is 
1.688. For the 26 normal non-associated substances measured 
by Dr. Young and his co-workers the average difference be¬ 
tween the value of C calculated as above and the observed 
average value of C was 2.6 percent. The greatest divergence 
was 4.5 percent. The relation. 


21. 


^ _ Interna l n e gative pressu re at critical tempe rature 
Theoretical critical pressure 


is, therefore, certainly very nearly true. I do not understand 
the cause of the relationship. 

5. It has been shown” that, 

C = 2 


22. 


D. 

</. 


where = theoretical, and = actual, density at the critical 
temperature. This rdation could now be expressed as follows 
for the critical conditions, 

^ Negative pressure Observed p ressure ^ ^ 

Theoretical pressure Theoretic^ pressure ** 

which reduces to the relation already given in Section i. 
Total pressure 


Theoretical pressure 


2 . 


‘ Jour. Am. Chem. Soc., 31,1117 (1909). 
‘ Ibid., 3t, II3I (1909). 
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6. The causes operating to produce the relations dted 
in this article, and in the previous article, are not fully under¬ 
stood and no extended discussion of the causes will be under¬ 
taken here. It is, however, not out of place to point out some 
additional facts that should be borne in mind when seeking 
an explanation of the relations derived. 

First. The total heat added to a monatomic element 
such as aluminium, copper, silver, lead, from^the absdute 
zero to the molten condition, is approximately not quite 
three times the energy necessary to effect the temperatiu^ 
change if the elements behaved as perfect gases. In other 
words, the entropy of these monatomic elements in the molten 
condition at their melting points is roughly a constant, and 
is for many of these elements from 8 to 8.5 per gram molecular 
weight. 

Second. The indications are that from the melting point 
to the boiling point of the liquid element the specific heat 
will be from 2 to 3 times as great as for the element in the con¬ 
dition of a perfect gas. Consequently at the boiling point 
of a monatomic element it is certain that there is, in many 
cases at least, a very large amount of energy in the liquid 
element that cannot be accoxmted for as molecular energy 
of translational motion (temperature energy). 

Third. Estimates based on thermodynamical relations 
indicate that the specific heat at constant volume of a liquid 
or solid element is not greatly different from the specific heat 
at constant pressure of the same element. Hence no very 
large proportion of the excess energy of the liquid indicated 
above is directly due to the change in volume of the element 
under the action of the molecular attractive force. The idea 
of molecular attractive force proposed in the present series 
of papers leads to the same conclusion. 

Fourth. While the experimental data on more complex 
compounds is not sufficient, nor sufficiently understood, to 
enable the above remarks to be extended with certainty so 
as to include them, yet probably everything that we do tmow 
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indicates, that in a general way at least, the same conclusion 
should be applicable to these compounds. 

FifUi. In a previous paper* the author proved that 
the energy given out by any two bodies originally at rest at an 
infinite distance apart in forming any stable configuration under 
the action of gravitational attraction, is equal to the kinetic en¬ 
ergy which they retain and is, for either body, inversely propor¬ 
tional to the mean distance from their common center of mass. 
This proposition is a necessary consequence of the law of 
gravitational attraction and of the laws of motion. The 
proof rests entirely upon well known, universally accepted, 
dynamical principles. 

It is possible to extend the proposition to a system of 
n particles as follows: 

Newtonian mechanics depends upon the truth of the 
principle that “If two or more forces act on a body, each pro¬ 
duces its own change of momentum in its own direction inde¬ 
pendently of the others. ’ ’ It has been shown that two particles 
coming from an infinite distance apart to a distance s and 
forming a stable system under the action of gravitational 
attraction retain exactly as much energy as they give out. 
Now making use of the fundamental principle above stated, 
it is obvious, that when n particles come together to form a 
stable system, that we can consider the action of any one of 
these n particles upon any other particle of the system inde¬ 
pendently of the — n — i actions of the other particles 
upon these two particles and upon each other. But the 
result of the action of any two particles upon each other is 
that the energy lost — energy retained, and when the mutual 
action of every particle has been determined we will have 
n* — n similar equations. Since in every equation the en¬ 
ergy lost = energy retained, the total energy lost by the sys¬ 
tem must be equal to the total energy retained by the system 
and we can state that. 

The amount of energy retained by a system of n particles 
in forming a stable system under the action of the gravitational 


‘ Phil. Mag., (6) aa, 84 (1911). 
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law of force is equal to the amount of energy given out by these 
particles in coming together from an infinite distance apart. 

There seems to be no escape from this conclusion. For 
the individual particles of a stable system are in dynamic 
stable equilibrium and it is clearly possible to separate the 
tangle of individual forces into their components, and these 
components act independently and must be in equilibrium 
in accord with the analysis that has been made. 

Sixth, A similar result must follow if the molecular law 

of force, / = — is substituted for the gravitational law of 

force. This result can be obtained by paralleling the previous 
argument in its entirety. Or it can be seen to follow directly. 
For the result that, the energy lost by the system = the en¬ 
ergy retained by the system, is true independently of the 
absolute value of the masses of the particles and of the absolute 
value of the attractive forces. 

Seventh. The above arguments take no account of the 
temperature energy. It is interesting to note the actual 
relations that exist for one gram of isopentane at the critical 
temperature, = 65.01 calories, surrendered in coming 

to the critical density, and the same amount of energy should 
be retained by the liquid isopentane according to the above 
argument. The kinetic translational energy for isopentane 
at the critical temperature Er = 19 04 calories. If this en¬ 
ergy is additional energy, the total retained energy of the liquid 
would be 84.05 calories. As a matter of fact only one-half 
of the temperature energy also, seems to be retained, making 
the total energy retained 74.53 calories. This amount of en¬ 
ergy substituted in Equation 10 of the previous article gives 
a total pressure of 182,900 millimeters of mercury, which is 
to be compared with the value 184,736 given in Section i 
of this paper. 

However, it must be noticed that there is no experimental 
evidence to indicate that u'Sdc - 65.01 calories, and the ex¬ 
trapolation may not be justified. Also I frankl^ do not under¬ 
stand the relation between the temperature energy (trans- 
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lational molecular motion) and the retained attractive energy 
(orbital motion) of the molecules. The relation given just 
above holds true for other substances, and I point it out only 
for what it is worth as a possible explanation of the pressures 
obtained at the critical temperature. 

Summary 

1. The persistent exact, or very approximate truth, 
under many circumstances, of the relation, = ‘f', suggests 

that the relation may always be true for constant volume and 
for phase change equilibrium conditions. P refers to the total 
pressure, i. c., to the numerical sum of the external and the 
internal pressure. 

2. The relationship of several deductions pre\iously made 
is discussed. 

3. The following relation is derived; The amount of 
energy retained by a system of « particles forming a stable 
system under the action of the molecular attractive force is 
equal to the amount of energy given out by these particles in 
coming into the system from an infinite distance apart. 
Temperature affects this relation in a manner not yet under¬ 
stood. 

University of South Carolina 
May 8, igis 



NOTES UPON THE POTENTIALS OF CALOMEL AND 
HYDROGEN ELECTRODES 


BY N. EDWARD LOOMIS 

Because of recent references in chemical literature to 
two articles published a few years ago by Loomis and Acree^ 
it has seemed advisable to recalculate certain of their results 
in the light of subsequent work. 

Loomis and Acree adopted the value 0.339 volt for the 
potential of the electrode 

0.1 KCI-HgCl-Hg 

at 25° C. Subsequently, Auerbach® reviewed the literature 
in this field and decided that 0.337 volt was the most probable 
value for the potential of this electrode. In a recent article 
Lewis and Randall® conclude from a careful review of previous 
work and from unpublished results of their own that the 
electromotive force of the combination 

HrO.i N HCI-O.I N KCl-HgCl-Hg 
is 0.3990 after correction has been made for the contact 
potential of the system. If we assume with Lewis that solu¬ 
tions of hydrochloric add are dissodated to the same extent 
as solutions of potassium chloride at the same dilution, the 
degree of dissodation of o.i N HCl is 86 percent and the po¬ 
tential of the dednormal hydrochloric add hydrogen electrode 
is 0.0629. From this we readily calculate the potential of the 
dednormal calomel electrode to be 

0.3990 — 0.0629 - 0.3361 volt 

This result is given added wdght by the fact that un¬ 
published experimental work by Sebastian in Lewis’ laboratory 
upon the electromotive force of the system 
Hj-0.1 N HCl-HgCl-Hg 

yields the same figure, 0.3990 volt. This is just the result 
which we should expect if dednormal hydroddoric add is 

‘ Am. Chem. Jour., 46,585, 63 t (1911), 

* Zdt. Elektrochemie, i8, 13 (1912). 

»Jour. Am. Chem. Soc., 36, 1974 (1914). 
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dissociated to the same extent as dednormal potassium chloride. 
On the other hand both Loomis and Acree and Myers and Acree*^ 
obtained a voltage of 0.4000 for the above system, indicating 
a value of 0.3371 for the potential of the calomel electrode. 

It is seen that all of the recent work points to a lower 
value for the potential of the dednormal calomel electrode than 
that which l4K>mis and Acree adopted fm* their calculations. 
This value probably lies between 0.336 and 0.337 volt. It 
should be emphasized that before riie electromotive force 
method can be applied to the study of chemical problems 
with any great degree of accuracy it is absolutdy necessary 
that the potential of the calomel dectrode or that of the ded¬ 
normal hydrochloric add hydrogen dectrode be known more 
exactly than it is at present and that an accurate method for 
measuring or calculating contact potentials be developed. 
In the subsequent part of this article the hydrogen electrode 
experiments of Loomis and Acree are recalculated by udng 
0.336 as the potential of the dednormal calomd dectrode. 
In the study of the hydrolysis of aniline hydrochloride 

the ratio ^ - was found to be 2.07 and 2.93 for 

Total salt 

sixteenth and thirty-second normal solutions respectivdy. 
When 0.336 volt is used for the potential of the calomd dec¬ 
trode these values become 1.84 and 2.60 respectivdy. As¬ 
suming again that hydrochloric add is dissodated to the same 
extent as corresponding solutioxis of potassitun chloride we 
have the following degrees of ionization:^ 

N/16 N HCl * 89.7%. 

N/32 N HCl » 92.6%. 

1.84/0.897 “ 2.05% for the degree of hydrolysis of N/16 aniline 
hydrochloride. 

2.60/0.926 ■» 2.81% for the degree of hydrolysis of N/32 aniline 
hydrochloride. 

From these values we may calculate the ratio of K®/Kj.* 
For V =s 16, 

> Am. Chem. Jour., 50, 396 (i9>3)- 

* These dissociation figures are calcubited from die conductivity data 
of Jones and West at 25* C. See X.andolt and Bdmstein, p. itis. 

' See p. 629 ct ariginal article. 
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K«/Kj * 
For V - 32. 

Ka,/K» « 


_ (0.0184)^ ' 

(x — 0.0205) X 0.844 X 16 

(0.0260)^ _ 

(i — 0.0281) X 0.866 X 32 


Average value of Kw/Kt 
Tizard’s value* 

Bredig’s value® 

Average value with 0.339 


■= 2.62 X, 10,"* 


= 2.51 X lo-* 

* 2.57 X 10“* 
= 2.42 X ro~* 
= 2.4 X io~* 
= 3-37 X io-» 


Experiments were also carried out upon the degree of 
ionization of 0.25 N acetic acid. Assuming that saturated 
potassium chloride solution entirely annuls the contact po¬ 
tential the dissociation is found to be 0.99 percent when 0.339 
is used for the potential of the calomel cell and 0.88 percent 
when 0.336 is used. The latter figure agrees much better 
with 0.89 percent calculated from the conductivity data of 
White and Jones.®^ There would also be a change in the de¬ 
gree of dissociation of acetic acid in the presence of neutral 
salts but since the relative values would change but slightly 
from those given in the original article these have not been 
recalculated. 

The experiments with both aniline hydrochloride and 
acetic acid show that the electromotive force method gives 
results in closer concordance with other methods when 0.336 
is adopted for the potential of the decinormal calomel elec¬ 
trode than when a higher value is used. 

While speaking of the experiments upon acetic acid op¬ 
portunity will be taken to answer a rather misleading comment 
recently made by McBain and Coleman.^ They say, P. 1525, 
"Loomis and Acree have applied the electromotive force 
method to the case of acetic acid with and without the addition 
of potassium chloride. They obtain diametrically opposite 
results in each concentration of salt, depending upon whether 
they assumed that ammonium nitrate or potassium chloride 


^ Jour. Chem. Soc., 98, 2492 (1910). 

2 Zeit. phys, Chem., 13, 289 (1894). 

3 Am. Chem. Jour., 44, 159 (1910). 

^ Jour. Chem. Soc., 105, 1517 (1914)- 
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in saturated solution, had removed the diffusion potential; 
thus 2.06 N KCl either lowers the dissociation of acetic acid 
to 54.5 percent or increases it to 176 percent.” The actual 
figures were 0.797 percent for the degree of dissociation when 
ammonium nitrate was used and 1.30 percent when potassium 
chloride was used to annul the contact potential. In the first 
case tlie ionization appears to be repressed to 73.2 percent of 
its original value; in the second case increased to 132.7 percent 
of its original value. McBain and Coleman neglected to state 
or. perhaps, failed to realize that our experiments were carried 
out for the express purpose of determining the relative value 
of potassium chloride, ammonium nitrate, calcium acetate, 
potassium iodide, and potassium bromide for eliminating con¬ 
tact potential; we showed conclusively that potassium chloride 
is the most effective and that consequently much more weight 
is to be given to that series of measurements in which po¬ 
tassium chloride is used.* 

The author also wishes to call attention to an error 
which appeared in the original article of Ivoomis and Acree. 
In the original dissertation corrections for barometric pressure 
were omitted because such corrections were in most cases 
within the limits of experimental error. Before the publica¬ 
tion of the work, however, it was decided to include these 
corrections and the published calculations were made by Myers 
and Acree. Because their work covering a narrow range gave 


^ This question of ‘'salt catalysis*' or the effect of salts on the activity of 
ions in electromotive force measurements, conductivities, and reaction velocities 
was discussed by Loomis and Acree (Dissertation, P. 52) and in many papers 
by Acree (Am. Chem Jour., 44, 159 and later) and is the subject of a number 
of investigations in Acree’s laboratory. Our ideas should not have been mis¬ 
understood by McBain and Coleman and have recently been fully confirmed 
by the work of Poma (Zeit. phys. Chem., 88, 671). It should also be pointed 
out in discussing Lewis’ paper (see especially Jour. Am. Chem. Soc., 36, 1978) 
that Acree (Am. Chem. Jour,, 4X, 475; 48, 369, etc.) has already discussed the 
relation of the work of Lewis and of Lorenz and Bdhi on the potential of the 
hydrogen electrode in solutions of potassium hydroxide and hydrochloric add 
to the ionization of water, and its bearing on the question whether water causes 
hydrolytic metatheses through its ions or its molecules, or both. 

(Signed) S. F. Acres. 
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more consistent results and because of other facts connected 
with the hydrogen electrode which they will publish later, 
they used the equation 

e = ~Y' log p 

for their calculations instead of the thermodynamic equation 

e^—losp 

in which e represents the desired correction, P the barometric 
pressure in atmospheres, and R, T and F have their usual 
significance. The work of Czepinski,^ Haber,* and Lewis* 
over a much wider range has sufficiently proved the correctness 
of the second equation.* As a result all barometric correc¬ 
tions appearing in the papers of Loomis and Acree and of 
Myers and Acree are probably just twice too great. This 
makes a maximum error in some individual cases of o.oooi 
volt but it should be noted that because of the nearly normal 
average barometric pressure in Baltimore the average value 
for the comparison of the hydrogen and calomel electrodes 
(see P. 6io of the original article) is not affected by this change. 

Department of Chemistry 

Purdue University 

Zeit atiorg. Chem., 30, i (1902). 

* Ibid., 51, 289 (1906). 

» Jour. Am. Chem. Soc., 33, 305 (1911); 36, 1974 (1914). 

* See also Walpole: Jour. Chem. Soc., X05, 2523 (1914). 



THE ADSORPTION OF POTASSIUM AND PHOSPHATE 
IONS BY TYPICAL SOILS OF THE CONNEC- 
TICUT VALLEY 


BY ROBERT H. BOGUE 

It has been known for a long time that soils possessed 
the power of taking up or adsorbing certain salts from a solu¬ 
tion, and a large amount of work has confirmed the fact that 
soils show a selective power of adsorption towards the differ¬ 
ent ions in the solution.' Thus in general the pnisitive ion 
is adsorbed to a greater extent than the negative, consequently 
leaving the soil solution in the acidic condition. This was 
formerly explained as a simple metathetical reaction—the 
bases of the soil and of the solution interchanging, or as the 
hydrogen of the complex organic acids known as humic acids 
being replaced by the base of the salt in the solution. That 
there is more or less interchange among the bases is easily 
shown by analysis to be true, but it has been repeat¬ 
edly proven that the base liberated by the soil is usually 
not nearly equivalent to the base adsorbed from the solution.® 
Although the acidity of the resulting soil solution may be ex¬ 
plained by the former hypothesis as being due to the forma¬ 
tion of an acid or an acid salt, yet it entirely fails to explain 
the latter fact of non-equivalent metathesis. 

Moreover, soil is not the only substance which shows the 
power of selective adsorption. Cameron® has shown that 
metallic silver may be separated from a solution of silver 
nitrate by the selective adsorption of charcoal; and moist 
cotton entirely free from soluble acid will redden blue litmus 
paper left in contact with it for some time. Linder and 


* Way: Jour. Roy. Agric. Soc. of Eng., 1850, ^13-79; Eichom: Land- 
wirtschafilches Central-Blatt., a, 169 (1858); Biedermann and Rautlenberg: 
Jour. Landwirtscfaaft, New Series, 7,49 (1862); Annsby; Am. Jour. Sci., (3) 14, 
75 (1877). 

* See references above. 

. * "The Soil Solution," p. 66. 
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Hcton* and also Whitney and Ober'“ have shown that when 
barium chlorid is used to precipitate arsenic trisulfid from 
colloidal solution, small amounts of barium are ■ adsorbed, 
leaving in the solution a corresponding amount of free hy¬ 
drochloric acid. These phenomena may be explained by 
attributing to the substances enumerated a special selective 
adsorbing power for the base in question, and Harris* points 
out that the action of soils in the presence of soluble salts 
may be explained in the same way. Harris further points 
out the probability of this explanation from the action of 
electrolytes in general on colloids, for Tinder and Picton^ 
have shown that the coagulation of negatively charged col¬ 
loids is accompanied by the adsorption of the positively 
charged ion, and Coehn*^ has shown that the colloids of the 
soil will in general be charged negatively since their dielectric 
constant, being solids, is less than that of water. 

Thus the theory of selective adsorption has been steadily 
gaining ground, and in 1906 Schreiner and Failyer® under¬ 
took a special study of several type soils with the intent of 
noting the effect of continued application of phosphate and 
potassium salt solutions, and subsequently of continued 
leaching, on the concentration of these salts in the soil solu¬ 
tion. As a result they substantiated the theory developed 
by Schloesing, which is in brief, that the concentration of 
soluble salts in the free soil moisture is largely dependent 
on the adsorptive powers of the individual soils. The min¬ 
erals of the soil yield, and apparently continue to yield, a 
solution whose concentration approaches equilibrium be¬ 
tween the solution and the solid, but as true equilibrium 
probably never exists there must be other factors entering 
in to affect this state, as the area of soil directly exposed to 
the soil moisture during a limited period of time would pro- 

* Jour. Chem. Soc., 67, 63 (1895). 

‘ Jour. Am. Chem. Soc., 33, 843 (1901). 

* Jour. Ph3rs. Chem., 18, 355 (1914). 

* Jour. Chem. Soc., 67, 63 (1895). 

‘ Wied. Anu., 64, 317 (1898). 

‘ Bur. of Soils, Bull. 32 (1906). 
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<fuce a disturbance in the equilibrium. But the concentra¬ 
tion of salts in the soil solution tends to remain practically 
constant for any given soil. Thus for example if the con¬ 
centration of potassium in the soil moisture should be lessened 
by the leaching of heavy rains, or the taking up of potassium 
by the plants, or by any other cause, this concentration 
would quickly be reestablished by the soil giving up of its 
adsorbed potassium until the constant was again reached. 
Or if, on the other hand, the concentration of potassium in 
the soil solution should be increased, as by the application 
of a soluble fertilizer, or by evaporation of the soil moisture, 
the constant would be restored by the adsorption of the ex¬ 
cess potassium by the soil. 

As the results of Schreiner and Failyer show a very marked 
difference between the adsorptive capacities of the different 
type .soils used in their experiments, and inasmuch as ‘‘type 
soils” are not definite compounds, that is, a soil described 
as a fine sand from Maryland might be quite different from 
and have very different adsorjjtive capacities from a soil of 
the same description from Massachusetts, it was thought 
expedient to examine four of the most characteristic soils 
of the Connecticut Valley in order to determine their respec¬ 
tive adsorptive capacities for potassium and phosphate 
ions, and to plot the adsorption and leaching curv'es for each 
type. 

The soils studied in this investigation were a Windsor sand, 
a Podunk fine sandy loam, a Connecticut Meadow silt loam, 
and a Suffield clay. 

The Windsor sand was obtained about a half mile north 
of Mount Orient on the Pelham Road. It is described* as 
consisting of six to ten inches of light yellow or brown, coarse 
sand, resting on yellowish, coarse sand and fine gravel, slightly 
loamy. Its origin is considered to be a shallow lake deposit. 
There are two types of this sand: a light, loose form and a 

* Soil Survey of the Connecticut Valley, Field Operations, Bur. of Soils 

(>903). 
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header type wMdi is more of a sandy loam. The former 
was the one studied. 

The Podunk fine sandy loam was obtained about a mile 
west of the Massachusetts Agricultural Ctfilege, and is de¬ 
scribed^ as consisting of twelve inches of friable, dark brown, 
sandy loam, underlain with a yellow or brownish, fine, sandy 
loam. The material composing this soil originated by deposi¬ 
tion in deq>er lake waters, but has been largely reworked 
and red^HTsited by later stream action. 

The Connecticut Meadow silt loam was obtained about a 
half mile west of North Amherst, on Meadow Street, and is 
described* as connsting of a dark silt loam in the upper twelve 
inches. This is tmderlain by a heavier dark grayd^ to yel¬ 
low or brown silt loam. The material consists of the finest 
grades of sand and silt that have been reworked and deposited 
by the streams along which it flows. In the process of re¬ 
working and deposition large amounts of organic matter 
have been incorporated with the sand and silt. 

The Sufiield day was obtained about one and a half miles 
west of Amherst Centre on Amity Street. It is described* 
as consisting of four to dght inches of heavy, dark-drab day 
loam resting on a heavy, tenadous, gray-drab day, which ex¬ 
tends to a depth of twenty and in some instances seventy- 
five feet. It is of deep lake origin, and while appearing 
very heavy and tenadous, it is largdy composed of silt, 
probably of the finer grades. 

The apparatus used in these experiments was essentially 
that used in the laboratory of the Bureau of Soils on similar 
investigations.* The soil was placed within a nickd plated 
tube twdve inches long by one and a quarter inches inside 
diameter. A section of a Pasteur Chamberland filter was 
inserted at the lower end, the porous filter projecting about 

> Soil Survey of the Connecticut Valley, Field Operations, Bur. of S«rfls 

(1903)- 

’Ibid. 

* Ibid. 

’ Sdueiner and Failyer: U. S. Bur. of Soils, Bull. 3a, u (1906). 
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one and a half centimeters above the rubber stopper, which 
hdd it in position. The upper part of the filter was plugged 
with a solid rubber stopper, wMe the lower end was fitted 
with a one hole stopper with a glass tube, through which the 
solution percolated. The upper end of the nickel tube was 
fitted with a two-hole stopper provided with two glass tubes. 
One of these was several feet in length, the length being de¬ 
termined by the pressure necessary to force the liquid through 
the filter at the desired rate, i. e., 50 cc in 24 
hours. This tube was connected by a syphon 
to a flask containing the solution to be passed 
through the filter. The shorter of the glass 
tubes was provided with a short piece of rubber 
tubing and a pinch cock, and served to let the 
air out of the tube when starting the experi¬ 
ment. 

The samples of soil were weighed out, mixed 
with distilled water to form a thin paste and 
this poured into the nickel tube. The tube 
was then connected with the rest of the appa¬ 
ratus, the syphon started, and*a small Erlen- 
meyer flask provided to catch the percolate. 

By lengthening or shortening the height of 
the water column, and by the use of screw 
pinch cocks in the rubber connections, the 
desired rate of flow was obtained. The appa¬ 
ratus is shown in Pig. i. 

Before a comprehensive study of the ad¬ 
sorption of soluble salts by the soil can be made, it is necessary to 
know how the salt in question, which the soil already contains, 
will be affected by the continued leaching with water. And it is 
also necessary in order to make a just comparison of the ad¬ 
sorption capacities of the various soils to have them all brought 
to a state of practical equilibrium, as regards their potassium 
and phosphate content, before beginning the adsorption 
experiments. 

The tubes were therefore charged with 100 grams of the 
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soil, and pure, distilled water allowed to run through them 
at the rate of 50 cubic centimeters in 24 hours. The percolate 
was collected in fractions, and the potassium and phosphate 
content determined in each fraction. The method used in 
the determination of potassium was that described by Cameron 
and Failyer,* which is based on the red color produced by the 
addition of an excess of potassium iodide to a solution of a 
platinic salt, as described by Morrell.- “The method consists 
in precipitating the potassium as chlorplatinate, after re¬ 
moving ammonia by ignition, and washing this with alcohol 
in a manner similar to that followed in the usual gravimetric 
procedure. The chlorplatinate is dissolved in water, and the 
addition of potassium iodide develops the color above men¬ 
tioned. The solution is then compared with a standard 
solution of potassium chlorplatinate in which the color has 
been similarly developed.” 

The method used in the determination of phosphate was 
that described by Schreiner and Brown.* “It consists in 
converting the phosphate into magnesium ammonium phos¬ 
phate, as is done in the usual gravimetric procedme, all silica, 
as well as other salts, and to a large extent also, soluble or¬ 
ganic matter, being removed by washing with ammonia water. 
The magnesium ammonium phosphate is dissolved in nitric 
acid and determined by means of the yellow color produced 
by the addition of ammonium molybdate, comparing with 
a standard phosphate solution in which the color is similarly 
developed.” 

On testing out for the accmacy of these methods, a differ-. 
ence of three parts per million could usually be detected if 
the concentration in the sample was not greater than 200 
parts per million. A higher concentration, however, especially 
in the case of potassium, rendered the results somewhat less 
accurate. 

The results for the removal of potassium from the soils 

* Jour. Am. Chem. Soc., 23, 1063 (X903). 

* Ibid., 2, 145 (1880). 

* Ibid., 26, 1463 (1904). 
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are given in Tables I, II, III and IV. In the first column is 
given the number of cubic centimeters in each individual 
fraction of percolate analyzed. In the second is given the 
total number of cubic centimeters that have passed through 
the filter. The third column shows the concentration of 


Table I 

Removal of Potassium from a Sandy Soil 


Volume of sol. 

Total volume of 

Potassium in 

Potassium in 

Total potaS' 

in sample 

solution 

1 sample 

sample 

sium extd. 

cc 

cc 

p.p.m. of sol. 

p.p.m. of soil 

p.p.m. of soil 

55 

55 

i 10 

1 

5 

5 

45 

100 

7 

3 

8 

86 

186 


5 

13 

86 

272 

6 

5 

18 

119 

391 

: 3 

4 

22 

129 , 

520 

I ^ 

j 5 ! 

! 27 

^34 i 

^54 

! ^ 

i 5 i 

1 32 

186 : 

840 

I 3 

6 1 


166 

1006 

! 2 

3 

' 41 

252 i 

125B 

: 3 

8 

49 

332 

1590 

' . I 

3 

52 

522 1 

2112 

2 

10 

62 

1888 ! 

4 (XX) 

, I 

18 

80 


Table II 

Removal of Potassium from a Sandy Loam 


Volume of sol. 

Total volume of 

Potassiian in 

Potassium in 

Total potas¬ 

in sample 

solution 

sample 

sample 

sium extd. 

cc 

cc 

p.p.m. of sol. 

p.p.m. of soil 

p.p.m. of soil 

50 

50 

28 

14 

H 

54 

104 

20 

11 

25 

108 

212 

16 

17 

42 

78 

290 

17 

13 

55 

127 

417 

12 

15 

70 

III 

528 

9 

10 

80 

142 

670 

8 

11 

91 

220 

890 

6 

13 1 

104 

240 

1130 

6 

H 

118 

350 

1480 

4 

H 

132 

854 

2334 

2 

17 

149 

709 

3043 

4 

28 

177 

957 

4000 

3 

29 

206 
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potassium in each of the fractions taken, expressed in parts 
per xnillion of percolate. The fourth column expresses the 
amount of potassium extracted from the soil in each frac¬ 
tion, expressed in parts per million of soil, and the fifth column 
shovs the total potassium extracted from the soil. 


Table III 

Removal of Potassium from a Silt Loam 


Volume of sol. 

Total volume 

Potassium in 

Potassium in 

Total potas- 

in sample 

of solution 

sample 

sample 

sium extd. 

cc 

cc 

p.p.m. of sol. 

p.p.m. of soil 

p.p.m. of soil. 

35 

35 

1 

! 30 

10 

10 

6 i 

96 

: 28 

^7 

27 

75 

171 

I 24 

18 

45 

I 2 I 

292 

1 *9 

23 

68 

I 2 I 

413 

; 

22 

90 

147 

560 

; H 

21 

III 

128 

688 

lO 

13 

124 

154 

842 

9 

14 

138 

238 

1080 

4 

9 

147 

167 

1247 

5 

8 

i 155 

23S 

1485 

4 

9 

164 

1343 

2828 

3 

40 

204 

1172 

4000 j 

4 

47 

251 


Table IV 

Removal of Potassium from a Clay Soil 


Volume of sol. 
in sample 
cc 

Total volume of 
solution 
cc 

1 Potassium in 

I sample 

1 p.p.m. of sol. 

Potassium in 
sample 
p.p.m. of soil 

Total potas¬ 
sium extd. 
p.p.m. of soil 

48 

48 

1 

20 

10 

10 

67 

”5 

17 

II 

21 

116 

231 

14 

16 

37 

124 

355 

14 

17 

54 

93 

448 

9 

8 

62 

139 

587 " 

6 

8 

70 

98 

685 

7 

7 

77 

114 

799 

4 

5 

82 

164 

963 

4 

7 

89 

215 

1178 

5 

11 

100 

249 

1427 

3 

7 

107 

1206 

2633 

4 

48 

155 

2367 

4000 

3 

40 

195 




Adsorption of Potassium and Phosphate Ions, Etc. 673. 

It will be noticed that the percolate from the sandy soil is 
very quickly brought down to a concentration which is prac¬ 
tically constant, while in each of the other cases much more 
of the distilled water has to pass through before this constant 
is reached. The fact of there being a higher concentration 
of the potassium in the first few fractions is interesting. The 
assumption that this is due to readily soluble potash salts 
in the soil which are quickly leached out does not seem tenable 
in view of the adsorptive powers of the soils as will be shown 
later. The probable explanation of this higher concentra¬ 
tion at the start lies in the fact that the soils were air dried 
before the leaching process was begun, and it has been demon¬ 
strated by Whitney and Cameron* and later by King“ that 
oven- and air-dried soils would yield a larger quantity of solu¬ 
ble salts to water than would the same soils in the moist 
condition. 

The results for the removal of phosphates from the four 
soils are given in Tables V, VI, VII and VIII. The main 
noticeable difference between the removal of the potassium 
and of the phosphate is that in the latter case the percolates 
from three of the four soils investigated increased somewhat 
in their phosphate content during the first part of the flow, 
whereas with the potassium the concentration in the percolate 
diminished regularly from the first. The same general ten¬ 
dency exists however as with the potassium, i. e., a fairly 
rapid diminution in the phosphate concentration to a certain 
point where it is maintained nearly constant. 

After prolonging the preliminary leaching until fom liters 
of water had passed through the soil, the tubes were allowed 
to drain completely, and these same soils were then treated 
in the same manner as before, one set with a solution of potas- 
dum chlorid and the other set with a Tolutipn of monocalcium 
phosphate, CaH4(P04)2. These soludons were made up 
to a strength of 200 parts per million of potassium (K), and 
of phosphate (PO4), respectively, and were prepared by 

' Bur. of Soils, Bull, aa, 43 (1903).. 

» Ibid., a6, 35 (1905). 
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Table V 

Removal of Phosphate from a Sandy Soil 


Vdiume of sol. 

Total volume of 

Phosphate in 1 Phosphate hi 

Total phos* 

in sample 

solution 

sample 

i sample 

phate extd. 

cc 

cc 

p.p.m. of sol. 

j p.p.m. of soil 

p.p.m. of soil 

52 

52 

12 

j. 

6 

6 

50 

102 

10 

5 

r ” 

55 

157 

9 

5 

f 16 

54 

211 

8 

4 

20 

82 

293 

7 

6 

1 26 

104 

397 

5 

5 

1 31 

116 

5^3 

5 

6 

i 37 

“5 

628 

4 

5 

' 42 


741 

4 

4 

46 

II9 

860 

5 

6 

52 

138 

998 

4 

5 

57 

II7 

1115 

3 

4 

61 

420 

1535 

4 

17 

78 

607 

2142 

3 

18 

r 96 

945 

3087 

I 2 

19 

115 

913 

4000 

! 

27 

142 


Table VI 



Removal of Phosphate from a Sandy Loam 


Volume of sol. 

! 1 

1 Total volume of | Phosphate in 

Phosphate in j 

Total phos¬ 

in sample 

1 solution I 

i sample 

sample 

phate extd. 

cc 

I cc j 

p.p.m of sol. 1 

1 

! p.p.m. of soil i p.p.m. of soil 

44 

1 

44 

9 I 

■ ! 

4 

4 

47 

91 

13 

6 

10 

60 

I5I 

16 

9 

«9 

65 

216 

21 

14 

33 

65 

281 

18 

12 

45 

92 

373 

15 

14 

59 

113 

486 

12 

13 

72 

106 

592 

9 

9 

81 

121 

713 

8 

10 

91 

123 

836 

6 

7 

98 

126 

962 

6 

7 

105 

129 

1091 

6 

8 


392 

1483 

5 

19 

132 

578 

2061 

5 

29 

161 

1079 

3140 

4 

43 

204 

860 

4000 

4 

34 

238 
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Table VII 

Removal of Phosphate from a Silt Loam 


Volume of sol. 

Total volume of 

Phosphate in 
sample 

Phosphate in 

{ Total phos- 

in sample 

solution 

sample 

1 phate extd. 

cc 

cc 

p.p.m. of sol. 

p.p.m. of soil 

1 p.p.m. of soil 

56 

56 

1 

i '5 

8 

8 

51 

107 

1 17 

9 

i ^7 

44 j 

151 

18 

8 

i 25 

49 1 

200 

! 

8 

! 33 

74 

274 

i 14 

10 

i 43 

81 

355 

11 

9 

i 52 

103 

458 

! 10 

10 

1 62 

III 

569 

8 

9 

; 71 

113 

682 

' 7 

8 

i 79 

101 

783 

6 

6 

85 

121 

904 

I 4 

5 

; 90 

164 

1068 

6 

10 

1 100 

422 

1490 

5 

21 

j I 2 I 

477 

i 1967 

; 4 

I 19 

1 140 

1035 

; 3002 

4 

1 41 

181 

998 

4000 

4 

1 40 

1 221 

i 


Table VIII 

Removal of Phosphate from a Clay Soil 


Volume of sol. 

Total volume of 

Phosphate in 

Phosphate in 

Total phos¬ 

in sample 

solution 

sample 

sample 

phate extd. 

. 

cc 

p.p.m. of sol , 

p.p.m. of soil 

p.p.m. of soil 

54 

54 

24 

13 

13 

57 

111 

25 ; 

14 

27 

57 

168 

25 

H 

41 

64 

232 

24 i 

15 

56 

57 

289 


13 

69 

7 ^ 

365 

19 1 

14 

83 

116 

481 

15 ! 

17 

100 

109 

590 

1 1 

'3 i 

ia3 

106 

696 

9 

10 ! 

1 123 

118 

814 

8 

9 1 

132 

117 

931 

7 

8 i 

140 

139 

1070 

6 

8 

148 

443 

1513 

1 7 

31 1 

178 

598 

2111 

6 i 

36 

2x4 

1006 

3117 

6 1 

60 

274 

883 

4000 

6 1 

1 

' 53 

327 
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diluting a stock solution which had previously been stand¬ 
ardized by gravimetric analysis. 

The results obtained in the adsorption of potassium are 
given in Tables IX, X, XI and XII. The first three columns 
are as in the caching tables, i. e., ist, the volume of percolate 
in the individual fraction; 2nd, the total volume of percolate 
which has passed through the sod when any given fraction 
is taken; and 3rd, the concentration of potassium in the 
fraction of percolate taken. The 4th coliunn represents 
the amount of potassium adsorbed from the solution ex¬ 
pressed in parts per million of solution, and is obtained by 
subtracting the concentration of the potassium in the solu¬ 
tion, 3rd column, from 200, the concentration of the solution 

flowing through. The 5th column represents the amount 

of potassium adsorbed by the soil, expressed in parts per 

million of soil. The last colrunn shows the total amount 

of potassium adsorbed, expressed in parts per million of 
soil, when any given fraction is taken. 


Table IX 

Adsorption of Potassium by a Sandy Soil 


Volume of sol. 
in sample 
cc 

Total vol. 
of solution ! 

p.p.m. of 
sol. 

Potassium 
adsorbed 
p.p.m. of 
sol. 

Potassium 
adsorbed 
p.p.m. of 
soil 

j Total potas- 
I slum adsorbed 

1 p.p.m. of soil 

43 

43 

3 

197 

85 

85 

46 

89 

14 

186 

86 

171 

38 

127 

26 

174 

66 

237 

64 

191 

78 

122 

78 

315 

106 

297 


49 

52 

367 

117 

414 

179 

21 

24 

391 

116 

530 

188 

12 

14 

405 

92 

622 

192 

8 

7 

412 

95 

717 

193 

7 

7 

419 

89 

806 

190 

10 

9 

428 

101 

907 

194 

6 

6 

! 434 

86 

993 

193 

7 

6 

440 

94 

1087 

198 

2 

2 

442 

255 

1342 

197 

2 

8 

450 

296 

1638 

199 

I 

3 

453 

364 

2002 

198 

2 

7 

460 
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TablB X 




Adsorption of Potassium by a Sandy Loam 

Volume of sol. 
in sample 
cc 

Total vol. 
solution 
cc 

Potassium 
in sample 
p.p.m. of 
sol. 

Potassium 
adsorbed 
p.p.m. of 
sol. 

Potassium 
adsorbed 
p.p.m. of 
soil 

Total potas¬ 
sium adsorbed 
p.p.m. of soil 

I 

56 

56 

6 

194 

108 

■ 

: 108 

51 

107 

12 

188 

97 

205 

50 

157 

25 

175 

87 

i 292 

57 

214 

39 

i6t 

92 

384 

53 

267 

70 

130 

69 

453 

107 

374 

129 

71 

76 

i 529 

124 

498 

161 

39 

48 

i 577 

108 

605 

175 


27 

604 

106 

712 

183 

^7 

18 

1 622 

197 

809 

189 


21 

643 

102 

911 

190 

10 

10 

653 

108 

1019 

195 

5 

5 

658 

105 

1124 

193 

7 

7 

665 

310 

1434 

198 

2 

6 

671 

287 

1721 

196 

4 

II 

682 

334 

2055 

198 

2 

6 

688 



Table XI 




Adsorption of Potassium by a Silt Loam 


i 

Volume of sol. ; 
in sample I 
cc j 

1 

Total vol. 
solution 
cc 

Potassium 
in sample 
p.p.m. of 
sol. 

Potassium 
adsorbed 
p.p.m. of 
sol. 

Potassium 
adsorbed 
p.p.m. of 
soil 

i Total potas- 
1 sium adsorbed 
p.p.m. of soil 

51 

51 

4 

196 

100 

100 

53 

104 

lo 

190 

100 

200 

44 

148 

18 

182 

80 

280 

63 

211 

29 

171 

108 

388 

59 

270 

44 

156 

92 

480 

98 

368 

69 

131 

128 

608 

119 

487 

107 

93 

III 

1 719 

io6 

593 

150 

50 

53 

772 

113 

706 

164 

36 

41 

813 

109 

815 

179 

21 

23 

836 

123 

938 

187 

13 

16 

852 

117 

1055 

192 

8 

9 

861 

107 

1162 

195 

5 

5 

866 

28$ 

1450 

193 

7 

20 

886 

318 

1768 

195 

5 

16 

902 

292 

2060 

197 

3 

9 

911 
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Table XII 

Adsorption of Potassium by a Clay^^il 


Volume of sol. 
in sample 
cc 

; 1 

Total vol, 
i solution 
cc I 

1 

Potassium 
in sample 
p.p.m. of 
sol. 

j Potassium 
adsorbed 
p.p.m. of 

I sol. 

1 

1 

Potassium 
adsorbed 
p.p.m. of 
soil 

Total potas¬ 
sium adsorbed 
p.p.m. of soil 

. 35 

35 

4 

196 

68 

68 

51 

86 

6 

194 1 

99 j 

167 

41 

127 ! 

7 : 

i 193 ! 

79 1 

246 

61 

188 1 

1 ” 

i 189 1 

115 j 

361 

77 

265 

20 

i 180 ! 

138 

499 

105 

370 j 

j 45 : 

; 1.53 ! 

163 ! 

662 

121 

: 491 1 

74 1 

126 1 

152 ! 

814 

116 

i ^^7 ; 

III 

i 89 ' 

103 

917 

105 

i 712 

141 1 

1 59 

62 

979 

97 

809 ■ 

158 

42 

41 

1020 

107 

916 

172 : 

28 i 

30 

1050 

106 

1022 

184 

16 ' 

17 

1067 

169 

1191 , 

187 , 

13 ! 

23 

1090 

291 

1482 1 

T91 ; 

9 

26 

1116 

309 

1791 1 

193 

7 ' 

28 

1144 

357 ! 

2148 ; 

191 ! 

9 

32 

2 276 


It will be seen that the concentration of potassium in the 
percolate increases very rapidly from the start, but, however, 
with different degrees of rapidity for each soil, the percolates 
from the sandy soil increasing the most rapidly, the sandy 
loam next, the silt loam next, and the clay soil the slowest. 
This emphasizes two points: ist, that the sandy soil reaches 
its state of saturation with respect ta its potassium content 
in the shortest length of time, the clay soil taking the longest 
time to reach this condition; and 2nd, that the total adsorp¬ 
tive capacity of the sandy soil is the lowest of the four soils, 
while that of the clay soil is the greatest, the clay soil ad¬ 
sorbing 1176 parts of potassium as against 460 parts for the 
sandy soil, 688 parts for the sandy loam, and 911 parts for 
the silt loam, on the passage of nearly equal amoxmts of 
potassium chlorid solution. 

The adsorption of phosphates is shown in Tables XIII, 
XIV, XV and XVI. 

The most striking difference noted between these figures 
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and those for the adsorption of potassium is that the ad- 
scaption of phosphate takes place very much slower. In 
fact, the clay soil is still adsorbing phosphate when nearly five 
liters of the solution have passed through it, while in the 
case of the potassium, one liter was nearly sufficient to saturate 
the same soil. The same general relationship holds between 
the different soils with respect to the rate of adsorption, 
and the total amount of phosphate adsorbed, as with the 
potassium adsorption. 

It seems somewhat peculiar that in both cases the soils 
continue to adsorb the ions in question, in very small amounts 
it is true, long after their approximate points of saturation 
have been reached, and in practically constant quantities 
for any given soil. It seems probable that this continued 
apparent adsorption is due to a metathetical reaction between 

T.^ble XIII 

Adsorption of Phosphate by a .Sandy Soil 




Phosphate 

Phosphate 

Phosphate 

Total phos¬ 

\ iJXlllltv vll 3 Vli» 

in sample 

X. I/Ciil \ 

solution 

in sample 

1 p p.m. of 

advSorl)ed 
p.p.m. of 

adsorbed 
p.p.m of 

phate ad- 
vSorbed 

cc 

cc 

sol. 

sol. 

soil 

p.p.m. of soil 

56 

5 ^> 

8 

192 

107 

107 

48 

104 

^5 

*85 ' 

89 , 

196 

59 

163 

22 

178 ' 

105 

301 

65 

228 

41 

*59 

103 

404 

108 

336 

80 

120 

130 

534 

135 

47 ' 

105 

95 . 

128 

662 

117 

588 : 

132 

68 

80 

742 

104 

692 

133 

67 

70 

812 

133 

825 

170 

30 i 

40 

852 

112 

937 

' 168 : 

32 1 

36 

888 


1052 

175 

25 

29 

9*7 

126 I 

1 1178 

I 181 i 

1 *9 i 

24 

94 * 

117 

1 *295 

: 186 ; 

1 *4 1 

16 

957 

266 1 

*56* 

194 i 

; 6 1 

16 

973 

323 ! 

I 884 

190 

lo 1 

32 

; *005 

283 i 

2167 

*95 1 

! 5 1 

14 

: 1019 

1013 ] 

3180 

*97 , 

! 3 i 

30 

1049 

580 

3760 

*96 i 

1 4 ' 

23 

1072 

995 1 

i 4755 

198 1 

1 2 j 

20 

1092 
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Tablb XIV 


Ads(Hption of Phosphate by a Sandy Loam 


Volume of sol. 
ini^ple 
cc 

Total vol. 
solution 
cc 

Phosphate 
in sample 
p.p.m. of 
sol. 

Phosphate 
adsorbed 
p.p.m. of 
sol. . 

Phosphate 
adsorbed 
p.p.m. of 
soil 

Total phos¬ 
phate ad- 
sotbed 

p.p.m. of soil 

47 

47 

5 

»95 

92 

92 

53 

100 

5 

195 

103 

*95 

56 

156 

II 

189 

106 

301 

73 

229 

16 

184 

134 

435 

69 

298 

19 

181 

*25 

560 

I 19 

417 

32 

168 

200 

760 

II4 

531 

45 

155 

177 

937 

127 

658 

i 55 

145 

184 1 

1121 

I3X 

789 

1 

129 

169 

1290 

102 

891 

88 

II2 

114 1 

1404 

126 

1017 ! 

100 

100 

126 1 

*530 

149 

1166 

I2I 

79 

118 ! 

1648 

104 

1270 

135 

65 

' 67 j 

>715 

226 

1496 

148 

52 

117 ! 

1832 

321 

1817 

X65 

35 

II2 ! 

*944 

268 

2085 

172 

28 1 

75 i 

2019 

918 

3003 

186 

14 

128 

2*47 

882 

3885 ‘ 

190 

10 

88 1 

2235 

795 1 

4680 1 

192 

8 

■ji 1 

2306 


the potassium chlorid or the monocaldum phosphate and 
some of the mineral constituents of the soil, as for example; 
NaAlShO*'+ KCl = KAlSijOs + NaCl, 

and 

CajAljSijOs + CaH4(P04)2 = H4Al2Sis08 + Ca,(P 04 ) 8 . 

If this is the case it seems probable that as the experiments 
were carried out this apparent adsorption would continue 
indefinitely, or until all of the miner^ matter of the soils 
that was capable of metathesis with the salts applied had 
undergone the reaction. Equilibrium could not be attained, 
inasmuch as the salt solutions entering are constantly per¬ 
colating through and being replaced by fresh solution. This 
theory was not, however, worked out in any detail, but ofiFers 
interesting material for further investigation. 

After continuing the adsorption experimmits fen some time> 
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Table XV 

Adsorption of Phosphate by a Silt Loam 


Volume of sol. 
in sample 
cc 

Total vol. 
of solution 
cc 

Phosphate 
in sample 
p.p.m. of 
sol. 

Phosphate 1 
adsorbed ! 
p.p.m. of ! 
sol. 

Phoshate 
adsorbed 
p.p.m. of 
soil 

1 Total phos- 
; phate ad' 

, sorbed 

p.p.m. of soil 

57 

57 

4 

196 

112 

i 112 

47 

104 

4 

196 

92 

204 

59 

163 

7 

*93 

114 

i 3*8 

56 

219 

10 

190 

106 

424 

110 

329 

15 

185 

203 

627 

127 

456 

21 

179 

227 

’ 854 

no ! 

566 

40 : 

160 

' 176 

1030 

118 

684 

43 

*57 

1 *85 

1215 

114 

798 i 

to 

140 

’ 160 

*375 . 

114 

912 

72 

128 

146 

1521 

120 

1032 

‘ 79 

121 

i *45 

1666 

132 

1164 

; 91 

109 

1 *44 

1810 

123 

1287 

102 i 

98 

i 120 

1930 

204 

1491 

120 1 

80 

1 163 

2093 

276 

1767 

: 134 

66 

; 182 

2275 

279 

2046 

1 *52 1 

48 

! 134 

2409 

1002 

3048 

; 175 ! 

25 j 

1 250 

. 2659 

725 

3800 

181 i 

19 I 

! 143 

I 2802 

896 

4696 

1 186 i 

i 14 

i 125 

2927 


the apparatus was again disconnected and allowed to thor¬ 
oughly drain as previously. Distilled water was then allowed 
once more to run through the soils, at the same rate, and the 
rate and extent of the leaching-out of the potassium and of the 
phosphate noted. 

The results for the leaching out of the potassium from the 
four soils are given in Tables XVII, XVIII, XIX and XX. 
The coltimns are arranged as in the tables of the preliminary 
leaching. 

The leaching takes place very rapidly at first, diminishing 
in rate as more water passes through, much the same as in 
the preliminary leaching. But it is at once noticed that the 
amount of potassium which is thus readily leached out is not 
nearly eqtiivalent to the amount which had previously been 
adsorbed by the same soil. By extended leaching the dis- 
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Table XVI 


Adsorption of Phosphate by a Clay Soil 


Volume of soL 
in sample 
cc 

Total vol. 
of solution 
cc 

Phosphate 
in sample 
p.p.m. of 
sol. 

Phosphate 
adsorbed 
p.p.m. of 
sol. 

Phosphate 
adsoxhed 
p.p.m. of 
soil 

Total phos- 
I^ate ad¬ 
sorbed 

p.p.m. of soil 

45 

45 

6 

194 

87 

87 

56 

lOI 

5 

195 

109 

196 

57 

158 

6 

194 

no 

306 

50 

208 

7 

193 

96 

402 

lOI 

309 

11 

189 

191 

593 

108 

417 

17 

183 

208 

801 

117 

534 

20 

180 

2II 

1012 

116 

650 

27 

173 

1 201 1 

1213 

121 i 

771 

40 1 

160 

1 193 . 

1406 

122 

893 

46 I 

154 

188 : 

1594 

123 

1016 

5 ' 

149 

183 : 

1777 

134 

1150 

52 

1 148 

198 

1975 

122 

1272 

65 i 

135 

165 i 

2140 

III 

1383 

75 1 

125 

139 1 

2279 

324 

1707 

97 

103 j 

334 

2613 

339 

2046 

115 

85 

288 

2901 

948 

2994 

148 1 

52 

493 j 

3394 

810 

3804 

168 1 

32 

259 

3653 

905 1 

4709 

178 1 

22 

199 

3852 


tilled water continues to take with it a small amount of potas¬ 
sium, but at a rate so slow that a very large amount of water 
would be required to extract all of the adsorbed potassium 
from the soil. The only explanation for this seems to be 
that the potassium which has been adsorbed has been con¬ 
verted into an insoluble compound which in turn goes back 
to the soluble form, but very slowly. This appears to be in 
accordance with the explanation previously given to account 
for the continued adsorption of the potassium and phosphate 
ions from the solution after the approximate point of satura¬ 
tion had been reached. The soil api)ears to ^ able to “take 
up” mineral salts in solution in two ways: ist, by adsorption, 
as we commonly understand the term, wherein the soil merely 
saturates itself, like a sptonge, with the salts, these being readily 
soluble, and as easily washed out as taken up; and 2nd, by 
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Table XVII 


Removal of Adsorbed Potassium from a Sandy Soil 


Volume of sol. 
in sample 
cc 

Total volume 
of solution 
cc 

Potassium 
in sample 
p.p.m. of sol. 

Potassium 
in sample 

1 p.p.m. of soil 

Total potassium 
extracted 
p.p.m. of soil 

46 

46 

58 

27 

27 

52 

98 

24 

12 

39 

53 

151 : 

II 

6 

45 

63 

214 1 

12 

8 1 

53 

56 

270 j 

8 

4 

57 

45 

315 

8 

4 

i 

67 

382 i 

4 

3 

64 

88 

470 

5 

4 

68 

95 

56s i 

6 

6 

74 

123 

688 

5 

6 

80 

192 

870 

4 

8 

88 

185 

1055 

5 


97 

465 

1520 

4 

18 1 

”5 

488 

2OOS 

1 3 

*5 j 

130 


Table XVIII 

Removal of Adsorbed Potassium from a Sandy Loam 


Volume of sol. 

Total volume 

Potassium 

Potassium 

Total potassium 

in sample 

of solution 

in sample 

in sample 

extracted 

cc 

cc 

p.p.m. of sol 

p.p.m. of soil 

p.p.m. of soil 

35 

35 

lOI 

35 

35 

54 

89 

63 

34 

69 

53 

142 

40 

21 

90 

51 

193 

34 

17 

107 

55 

24S 

25 

14 

121 

51 

299 

20 

10 

131 

66 

365 

18 

12 

143 

87 

452 

II 

10 

153 

106 

558 

II 

12 

165 

89 

647 

10 

9 

174 

185 

832 

8 

15 

189 

180 

1012 

9 

16 

205 

468 

1480 

8 

37 

242 

522 

2002 

8 

42 

284 
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Table XIX 

Removal of Adsorbed Potassium from a Silt lyoam 


Volttme of sol, 
in sample 
cc 

Total volume 
of solution 
cc 

Potassium 
in sample 
p.p.m. of sol. 

Potas^um 
in sample 
p.p.m. of soil 

Total potassium 
eitracted 
p.p.m. ci soil 

43 

43 

114 

49 

49 

48 

91 

77 

37 

86 

56 

147 

56 

31 

“7 

53 

200 

40 

21 

*38 

53 

253 

36 

19 

157 

56 

309 

28 * 

16 

173 

58 

367 

21 

12 

185 

81 

448 

18 

15 

200 

108 

556 

15 

16 

216 

ii6 

672 

15 

17 

233 

179 

851 

10 

' 18 

251 

187 

1038 

11 

21 

272 

408 

1446 

9 

37 

309 

552 

1998 

9 

50 

359 


Table XX 

Removal of Adsorbed Potassium from a Clay Soil 


Volume of sol. 

Total volume j 

! Potassium 

j Potassium 

Total potasrium 

in sample 

of solution 

in sample 

in sample 

extracted' 

cc 

cc 

p.p.m. of sol. 

1 p.p.m. of soil 

p.p.m. of soil 

51 

51 

137 

70 

70 

41 

92 

103 

42 

II 2 

46 

138 

90 

41 

153 

53 

191 

63 

33 

186 

61 

252 

57 

35 

221 

63 

315 

42 

26 

247 

71 

386 

38 

27 

274 

to 

466 

28 

22 

296 

112 

578 

25 

29 

325 

106 

684 j 

21 

22 

347 

188 

872 

19 

36 

383 

188 

1060 1 

18 

34 

417 

425 

1485 

14 

60 

477 

545 

2030 

11 

60 

337 
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metathesis, wherein the mineral constituents of the soil inter¬ 
act with the salts in the solution producing insoluble com¬ 
pounds which are reconverted into the soluble salts just as 
slowly as the soluble salts were first transformed into insolu¬ 
ble compounds, and are thus not readily washed out. 

The results for the leaching of the phosphates are expressed 
in Tables XXI, XXII, XXIII and XXIV. 

Here the phosphate is leached out, as in the case of the 
potassium, quickly at first, but becoming less and less rapid 
as the process continues. The main difference to be noted, 
however, is the much slower rate with which this is accom¬ 
plished, the soils requiring about five times as much watet 
to bring the phosphate content down to a constant. This 
large amount of water corresponds closely to the amount of 
solution required to bring the phosphate content up to a con¬ 
stant, during the adsorption process. The total amount of 
phosphate extracted when this constant is finally reached is. 

Table XXI 

Removal of Adsorbed Phosphate from a Sandy Soil 


Volume of sol. 

: Total volume 

PhOvSphate 

Phosphate | 

Total phosphate 

in sample 

of solution 

in sample 

in sample ! 

extracted 

cc 

' cc 

p.p.m. of sol. 

p.p.m. of soil : 

j 

p.p.m. of soil 

52 

: 52 i 

18.5 ' 

i 

96 i 

96 

78 

i 130 1 

f 151 i 

118 1 

214 

76 

; 206 1 

S 118 

90 ; 

304 

ic>9 

, 3'5 i 

! 89 . 

97 i 

401 

97 

* 412 : 

68 

66 

467 

138 

i 550 i 

; 48 j 

66 1 

533 

146 

696 1 

1 35 ! 

51 } 

584 

183 

S79 i 

24 1 

44 

628 

125 

1004 ^ 

20 1 

25 

653 

236 

1240 

1 12 

1 

28 

681 

337 

»577 

i 9 

30 

7 ” 

171 

1748 

1 B 

X 4 

725 

264 

2012 

! ^ 

21 

746 

604 

2616 

i ^ 

36 

782 

608 

3224 

I 3 

18 

800 

784 

4008 

1 7 

55 

855 

702 

4710 

6 

42 

897 
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Tablb XXII 

Removal of Adsra-bed Phosphate from a Sandy Loam 


Volume of aol. 
in sample 
cc 

Total volume 
of solution 
cc 

Phosphate 
in sample 
p.p.m. of sol. 

Phosphate 
in samtAe 
p.p.m. of soil 

Total phosphate 
extracted 
p,pjat. of M 

48 

48 

180 

86 

86 

59 

107 

161 

95 

181 

96 

203 

139 

133 

314 

108 

311 

117 

126 

440 

97 

408 

95 

92 

532 

108 1 

516 

81 

87 

619 

155 

671 

66 ! 

102 

721 

i 79 

850 

51 

91 

812 

144 

994 

39 

56 

868 

228 

1222 

31 

71 

939 

326 

1548 

19 j 

62 

1001 

203 

1751 

12 

24 

1025 

251 

2002 

11 

28 

1053 

638 

2640 

8 

51 

1104 

605 

3245 

8 

i 48 

1152 

667 

3912 

6 

40 

1192 

809 

4721 ! 

7 

57 

1249 


Tabue XXIII 

Removal of Adsorbed Phosphate from a Silt Loam 


Volume of sol. 
in sample 
cc 

Total volume 
of solution 
cc 

Phosphate j 
in sample 
p.p.m. of sol. 

[ Phosphate 

I in sample 
p.p.m. of soil 

) 

Total phosphate 

1 extract^ 

p.p.m. of soil 

57 

57 

178 

lOI 

lOI 

60 

117 

159 

95 

196 

92 

209 

146 

1 134 

330 

100 

309 

128 

1 128 

458 

114 

423 

no 

1 125 

583 

121 

544 

99 

120 

703 

131 

675 

83 

1 109 

812 

178 

853 1 

72 

128 

940 

174 

1027 1 

63 

no 

1050 

234 

1261 j 

47 

no 

n6o 

271 

1532 

32 

87 

1247 

194 

1726 

28 

54 

1301 

263 

1989 

18 

47 

1348 

518 

2507 

15 

78 

1426 

632 

3139 

18 

114 

1540 

662 

3791 

10 

66 

1606 

937 

4728 

9 

84 

1 

1690 
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Tablb XXIV 


Removal of Adsorbed Phosphate from a Clay Soil 


Volume of soL 

..j 

Total volume 1 

1 ~ ' 1 

1 Phosphate | 

Phosphate | 

Total phosphate 

in sample 

of solution 1 

in sample : 

in sample 

extracted 

cc 

cc 

p.p. m.'Of sol. i 

1 

p.p.m. of soil j 

p.p.m. of soil 

51 

51 

174 1 

89 i 

89 

61 

112 

166 * 

lOI 

190 

104 

216 1 

153 i 

j 159 j 

! 349 

89 

305 1 

i 146 1 

i 130 

479 

106 ; 

411 ! 

134 

142 

621 

127 j 

538 1 

*25 ; 

i 159 

780 

124 I 

662 1 

112 

139 

919 

186 1 

848 

i 100 

186 

' 1105 

185 j 

1033 I 

' 87 

i6i 

1266 

210 \ 

1243 

74 i 

i ^55 

1421 

285 i 

1528 : 

63 - 

i 180 

1 ifoi 

233 1 

1761 

49 i 

114 

i 1715 

309 1 

2070 i 

41 1 

127 

, 1842 

519 ! 

2589 

26 ! 

135 ; 

1977 

603 ; 

3192 i 

21 i 

127 

2104 

708 : 

3900 

16 ; 

j 

i 2217 

878 

4778 

15 i 

132 1 

i 2349 


however, far short of the amount of phosphate previously 
adsorbed, as was the case with the potassium. 

These results may be expressed graphically, and in this 
form show, perhaps, the better advantage the similarities 
and differences which exist for the various soils, and under 
the different form of treatment. 

In Fig. 2 are shown the solution curves for the preliminary 
leaching out of the potassium from the four soils under ex¬ 
amination. The abscissas represent the liters of distilled 
water which have passed through the 100 grams of soil in 
the percolating tubes, and the ordinates show the concentra¬ 
tion of potassium, expressed in parts per million, of the re¬ 
sulting solution. The curves are all smoothed curves. 

In Fig. 3 are shown the soil curves for the preliminary 
leaching. That is, the ordinates, instead of representing the 
concentration of potassium in the solution, indicate the amount 
of potassium which has been extracted from the soil, expressed 
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in parts per million of soil. The abscissas, as before, repre¬ 
sent the Hters of water that have passed through the soils. 

These figures show very clearly that after about one and 
a half Uters of water have passed through the soils the con¬ 
centration of potassium in the percolate is practically con¬ 
stant, and also that the soils are losing potassium at a slow 
but constant rate. 



Fig. 2 



In Fig. 4 are shown the soln. curves for the adsorption of 
potassium ions, and in Fig. 5 the soil curves for the same. 
The ordinates in Fig. 4 represent the concentration of the solu¬ 
tion in parts per million of potassium ions, the upper boundary 
line indicating the original concentration of the solution be¬ 
fore passing through the soil. In Fig. 5 the ordinates show 
the amount of potassium that has been adsorbed by the soils, 
expressed in parts per million of soil. The abscissas in both 
cases represent the liters of solution that have passed through. 

Here again, after about a liter of solution has passed through 
the soils the concentration in the percolates is constant and 
the soils continue to adsorb the potassium at a slow but con¬ 
stant rate. The differences in the adsorptive capacity of the 
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four soils are also very clearly brought out by these curves, 
the sandy soil being nearly saturated when only 400 parts 
per million have been adsorbed, while the clay soil does not 
approach the horizontal position until over a thousand parts 
have been adsorbed. 

POTASSIUM -’ADSORf^T/ON -SOLt/TiON CURVSS 




In Figs. 6 and 7 are given the solution and soil curves for 
the final leaching out of the potas.sium. The ordinates in 
Fig. 6 show the concentration of potassium in the solution, 
while in Fig. 7 they represent the amount of potassium leached 
out of the soils. The abscissas show the liters of water which 
have passed through. 

Instead of starting the leaching curves at the point repre¬ 
sented by the end of the adsorption curves, i. e., from a 
point representing the total amount of potassium adsorbed, 
they have been started uniformly from the same point, zero, 
the rise in the curves indicating the amount of potassium 
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leached out. A ijiore accurate comparison of the behavior 
of the different saturated soils, when treated ^milarly with 
distilled water, may be made by plotting them in this manner. 




It will be seen that a part of the potassium is very quickly 
removed on the passage of water through the soils, but that 
even by continued treatment with water only a fraction of 
the total amount of potassium adsorbed is removed, the parts 
per million of adsorbed potassium still remaining in the sandy 
soil after two liters of water have passed through it being 
330, and that remaining in the clay soil being 639. 

It will also be noticed taht the concentration of potassium 
in the percolate gets down very close to the constant attained 
in the original leaching, and that the soils attain a constant 
rate of loss, with reference to their potassium content, which 
is practically the same as the rate of loss in the original leach¬ 
ing. But the important point is that the soils still retain 
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a large percentage of the potassium adsorbed by them, even 
after these constants are reached. 

In Figs. 8 and 9 are shown the solution and soil curves 
for the preliminary leaching of the phosphate from the soils. 
The abscissas and ordinates represent in each case the same 
factors as in the corresponding plots with potassium, only, 
of course, phosphate is indicated instead of potassium. 



Fig. 8 



The peculiar rise in phosphate concentration of the solu¬ 
tions from three of the soils is an apparent unconformity 
with the rest of the curve. The same general tendency ex¬ 
ists, however, as in the potassium experiments, the percolate 
quickly falling to a constant concentration, and the soils 
attaining a slow but constant rate of loss in their phosphate 
content. 

In Figs. 10 and ii are shown the solution and soil curves 
for the adsorption of phosphate. 

These curves differ markedly from the corresponding curves 
for potassium in the rate with which the soils become satura¬ 
ted, and also in the total amount adsorbed. Here the clay 
soil is still rapidly adsorbing phosphate when nearly five 
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liters of solution have passed through it, while the same soil 
has reached its constant with respect to potassium when only 
about one liter has passed through. And when two liters of 
phosphate solution have passed through the clay soil it has 
adsorbed 2800 parts of phosphate, while when an equal amount 
of potassium solution has passed through the same soil, only 
1150 parts of potassium have been adsorbed. 


k f>HOSPHAT£-ADSORPT/ON SOLUTfON Ci/RIr^S 
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In Figs. 12 and 13 are shown the solution and soil curves 
for the final leaching out of the phosphate. 



Here, again, as in the adsorption of phosphate, the soils 
require a much larger amount of water to bring them down to 
a constant than was the case with the potassium. But like 
the potassium, only a part of the total phosphate adsorbed 
has been removed when this constant is finally reached. 

Summary 

The study of these four Connecticut Valley soils has ac¬ 
complished two purposes: ist, it has presented the data, 
summarized in the foregoing curves, of the rate and extent 
of the adsorption of potassium and phosphate ions by these 
four soils, together with the rate and extent to which these 
adsorbed ions arc subsequently leached out; and 2nd, it has 
substantiated the results of Cameron, Schreiner, Failyer, 
Schloesing, and others, in the following points: 

1. When soils are subjected to the leaching action of 
water, the concentration of potassium and phosphate ions 
in the soil extract approaches a constant, which appeals to 
be fixed and definite for any given soil. 

2. When soils are subjected to the action of soluble potas¬ 
sium and phosphate salts, the concentration of these salts 
in the soil extract is at first not materially increased, owing 
to the power of the soils to adsorb these salts, but as adsorp¬ 
tion proceeds it becomes weaker, and a point is finally reached 
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where the amount of soluble salts extracted in the soil extract 
is nearly equivalent to the amount applied. 

3. The concentration of the potassium and phosphate 
ions in the soil extract approaches a low constant, which 
appears to be fixed and definite for each soil, when only a 
part of the adsorbed ions has been removed by the leadi- 
ing action of water. 

4. The constants attained by the four soils by the leach¬ 
ing action of water are very nearly aHke, which would seem 
to indicate that the concentration of the potassium and 
phosphate ions in the soil solutions of the various soils were 
practically the same, and not at all dependent on the amount 
of adsorbed potassium or phosphate they originally con¬ 
tained. 

5. These results substantiate the theory that the con¬ 
centration of salts in the soil solution is very largely depend¬ 
ent on the specific adsorptive capacity of the individual 
soil. 

6. These results, furthermore, tend to disprove the theory 
that the composition of the soil moisture, hence the adsorp¬ 
tive capacity of the soil, is determined primarily by the chem¬ 
ical composition of the soil, but tend rather to prove this 
quality to be dependent on the mechanical texture of the 
individual soil. 

Furthermore, inasmuch as these soils continue to ad¬ 
sorb small amounts of potassium and phosphate ions long 
after the approximate point of saturation has been reached; 
and as these soils continue to lose these potassium and phos¬ 
phate ions in small amounts long after the soluble forms mu^t 
have been entirely leached out; and as this latter point is 
reached long before all of the previously adsorbed potassium 
and phosphate ions have been leached out, it would appear 
that the soils were able to take up these ions from the solu¬ 
tion in two distinct ways: ist, by saturating itself with the 
ions, these undergoing no chemical change, and thus remain¬ 
ing readily soluble, and easily leached out; and 2nd, by in¬ 
teracting with the salts, producing insoluble compounds 
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which are reconverted into soluble forms on the applica¬ 
tion of water, but very slowly. Thus on the application 
of a salt in solution the soil first rapidly adsorbs the various 
ions for which it has an attraction, and in proportion to the 
strength of this attraction, and then proceeds slowly to in¬ 
teract with the salts to produce insoluble compounds. On 
the application of water to this soil, the soluble adsorbed 
salts would be quickly leached out, and then the insoluble 
compounds would in turn be very slowly rendered soluble, 
by the reversion of the previous reactions, and ultimately 
they, too, would pass off in the solution. 

Acknowledgment is due to Dr. Ernest Anderson for 
suggesting this investigation, and to Dr. Anderson and Pro¬ 
fessor Morse for advice and further suggestions before its 
completion. 

Massachusetts Agricultural College 
June, igis 



ELECTROCHEMICAL SYNTHESIS OF PHENYL- 
HYDROXYLAMINE 

BY F. M. FRBDERIKSEN 

Snowdon ‘ has pointed out that the chemical and electro¬ 
chemical methods of reducing nitrobenzene are by no means 
similar though, in general, they should be. At the suggestion 
of Professor Bancroft, I have made a few experiments to 
fill one gap in the case of phenylhydroxylamine. Bamberger'-^ 
prepared phenylhydroxylamine chemically by heating nitro¬ 
benzene for a few minutes with zinc dust and water. The 
yield varies very much—from o to 57 percent of the theoretical. 
Bamberger calls attention to the fact that different samples 
of zinc dust give very different yields even though the con¬ 
tent of metallic zinc be the same and even though all other 
conditions are kept the same. Thus, one sample of zinc dust 
gave aniline and no phenylhydroxylamine. Bamberger con¬ 
siders that these enormous differences may be due, in part, 
to the fact that one sample of zinc dust gives chiefly molecular 
and, therefore, inactive hydrogen. Another way of wording 
the same thing is to say that different impurities in the zinc 
affect the over-voltage differently. The best yield was ob¬ 
tained by adding ten grams of nitrobenzene to half a liter 
of boiling water, throwing in 75 g zinc dust (about 67 percent 
metallic zinc) all at once, boiling for three-quarters of an 
hour, cooling rapidly and saturating with sodium chloride. 
The phenylhydroxylamine was shaken out with ether, the 
ether distilled off, and the crystallized oil washed with ligroin. 
The yield was 57 percent of the theoretical. Other products 
are azoxybenzene, azobenzene, and aniline. 

The question of yield is also discussed by Wohl* who 
had ^scovered the reaction independently of Bamberger. 
At first, nitrobenzene was heated for twenty minutes with 

* Jour. Phys. Chem., 15, 797 (1911). 

* Ber. deutsch. chem. Ges., 27, 1348, 1548 (1894). 

* Ibid., 27, 1432 (1894). 
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ten times its volume of water and an excess of zinc dust. 
With 50 percent of zinc dust a yield of about 12 percent phenyl¬ 
hydroxylamine was obtained. When three times the theo¬ 
retical amount of zinc was taken, the yield increased to about 
20 percent. It is not feasible to heat for a long period be¬ 
cause azoxybenzene, azobenzene, and aniline are then formed. 

It was found that salts like calcium chloride, magnesium 
chloride, and zinc chloride accelerate the reaction between 
zinc dust and nitrobenzene. According to Wohl, this is be¬ 
cause they form insoluble salts with zinc hydroxide. To ob¬ 
tain the best jdeld, 250 cc 60 percent aqueous alcohol were 
heated in a flask with reverse cooler. To the flask were added 
60 g nitrobenzene and then 6 g anhydrous calcium chloride, 
after which 75 g commercial zinc dust were added in the course 
of fifteen minutes. The contents of the flask were heated 
for about five minutes after tlie last of the zinc dust was added, 
and were then cooled and filtered. The alcohol was distilled 
rapidly from the filtrate until an oil layer appeared which 
solidified on cooling. About 70^-75 percent of the theoretical 
yield of phenylhydroxylamine was obtained in this way.^ 
Wislicenus and Kaufmann- found that a 38 percent 
yield of phenylhydroxylamine could be obtained by reducing 
nitrobenzene in 90 percent alcohol with amalgamated alu¬ 
minum. In a later paper, Wislicenus® points out that better 
results are obtained with an ether solution. Nitrobenzene 
is dissolved in at least ten times its volume of ether, freshly 
prepared amalgamated aluminum is added and then water, 
a little at a time. The flask is equipped with a reverse cooler 
and is placed in ice to prevent the ether from foaming too 
much. When one starts with 20-30 g nitrobenzene the yield 
of phenylhydroxylamine is said to be quantitative. 

Bamberger and Knecht^ obtained an 85 percent yield 

1 Bamberger states that he has never been able to average m^re than 
35% yield in this way and that the maximum observed was 50%; Ber. deutsch. 
chem. Ges., 29, 864 (1896). 

* Ber. deutsch. chem. Ges., 28, 1326, 1983 (1895). 

® Ibid., 29, 494 (1896). 

^ Ibid., 29, 863 (1896). 
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of phenylliydroxylainine (3.8 g) by dissolving 5 g nitrobenzene 
in 50 cc 90 percent alcohol, and adding first a solution of 12 
g aluminum sulphate in 100 g water, and then 250 g of a 
5 percent zinc amalgam. The mixture was shaken vigorously 
for two hours, the temperature being kept below 5 

I repeated Wohl’s work heating 250 cc 60 percent alcohol 
with 60 g nitrobenzene and 6 g CaCl* (ammonium chloride 
is just as good) on a water batii in a flask equipped with a 
return condenser. After bringing the solution just to boiling, 
95 g zinc dust were added through an interval of fifteen minutes, 
the temperature of the water bath being regulated so that 
the liquid in the flask boiled gently while the reaction was 
taking place. Five minutes after all the zinc dust had been 
added, the reaction mixture was cooled, first with running 
water and then with ice. The mixture was filtered by suc¬ 
tion and the zinc oxide washed with about 50 cc alcohol. 
The alcohol was boiled off until the temperature of the dis¬ 
tilling vapor reached 86®, this being about the point at which 
the solution clouds, owing to the separation of an oil. When 
the solution is cooled in a freezing mixture, the phenylhydroxyl- 
amine separates in crystals contaminated with some azo¬ 
benzene. The crystalline mass, colored a bright orange by 
the azobenzene, was filtered by suction and then washed 
with ligroin. The washing must be done with care because 
phenylhydroxylamine is somewhat soluble in ligroin. The 
azobenzene is removed practically completely, leaving the 
phenylhydroxylamine almost pure and white. The yields 
varied between 30 and 40 percent, which is in accord with 
the results of Bamberger.^ 

An attempt was now made to duplicate the reaction elec- 
trolytically by using zinc electrodes in an ammonium chloride 
solution. Of course a zinc anode is not essential theoretically, 
but it obviates the use of a diaphragm and cuts down the 
voltage considerably. Since it would be difficult to use elec¬ 
trodes having a surface equal to, say, 100 g zinc dust, the 
reaction must take longer. In order to prevent the decomposi- 
‘ Ber. deutscfa. dtem. Ges., 39, 864 (1896). 
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lion of the phenylhydroxylamine which would probably occur 
if the solution were kept heated a long time, it was deemed 
advisable to nm at a low temperature. 

The solution was placed in a 350 cc beaker and stirred 
during electrolysis by means of a spiral stirring rod run by a 
motor. After the reduction had gone on as long as desired, the 
solution was filtered through a Buchner by suction and the 
alcohol then distilled off as in the chemical reduction. On 
account of the smaller amounts of substance taken, the solu¬ 
tion was not cooled and filtered but was saturated with sodium 
chloride and extracted with ether. The ethereal extract con¬ 
tained the phenylhydroxylamine and azobenzene with only 
a trace of salt or of ammonium chloride. The ether was driven 
off and the residue was crystallized from a small amount of 
benzene to which ligroin was added after solution and filtra¬ 
tion. Phenylhydroxylamine is very soluble in hot benzene 
and only slightly soluble in cold benzene. Addition to the 
benzene of an approximately equal volume of ligroin cuts 
down the solubility still more. The azobenzene remains in 
solution. 

Theoretically it requires 107.2 ampere hours (4 X 26.8) 
to reduce one molecular weight of nitrobenzene (123 g) to 
phenylhydroxylamine. Since nitrobenzene has a specific 
gravity of 1.2, 10 cc nitrobenzene is approximately 12 g 
and calls for 10.46 ampere hours, which should give 10.73 
g phenylhydroxylamine. 

The following results were obtained: 

Run I. 250 cc 60 percent alcohol, 12.5 g ammonium 
chloride, 10 cc nitrobenzene. Zinc electrodes. Cell packed 
in ice. Average temperature 12°. One ampere for 9.5 hoiurs. 
No stirring for the first hour. Yield, 28 percent. 

Run 2. 250 cc 60 percent alcohol, 10 g ammonium chlo¬ 

ride, 5 cc nitrobenzene. Zinc electrodes. Cell cooled in 
running water. Average temperature 14°. 0.75 amperes 
for 6.7 hours. Yield, 21 percent. 

Run 3. 250 cc 60 percent alcohol, 10 g ammonium chlo¬ 

ride, 5 cc nitrobenzene. Zinc electrodes. Cell cooled in 
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freeziiig mixture. Average temperature —^5°. 0.75 amperes 
for 6.7 hours. Yield, 20 percent. 

Run 4. 250 cc 60 percent a}cohol, 10 g ammonium 
chloride, 5 cc nitrobenzene. Zinc electrodes. Cell cooled 
with running water. Average temperature 19°. 2 amperes 
for 2.67 hoiu^. Yield, 29 percent. 

Run 5. 250 cc 60 percent alcohol, 10 g ammonium chlo¬ 

ride, 5 cc nitrobenzene. Zinc electrodes. Cell not cooled. 
Average temperature, 36°. 4.8 amperes for i.ii hours. 
Yield, 22 percent. 

These )delds are all lower than those for the chemical 
reduction; but part of this difference is undoubtedly due to 
the fact that the losses are greater when 6 g nitrobenzene are 
used instead of 60 g in the same amount of solution. Also, 
we do not knowr what the reduction efficiency of the zinc dust 
is, though that could be determined; but we know that it is 
necessary to use more than the theoretical amount of zinc. 
The time at my disposal did not permit me to make runs to 
see what effect an excess of ampere horn's would have. 

It is possible to teU something about the results during 
the run. If much hydrogen is evolved at the cathode or if 
much zinc is precipitated there, the efficiency is necessarily 
low. A deep red color to the solution shows a considerable 
formation of azobenzene, an orange color a much less forma¬ 
tion, and a light yellow color hardly any formation of azo¬ 
benzene. 

The general results of this paper are: 

1. It is possible to reduce nitrobenzene to phenylhydroxyl- 
amine electrochemically without the use of a diaphragm by 
using a zinc anode. 

2. The chemical process of reducing nitrobenzene to 
phenylhydroxylamine with zinc dust can be duplicated elec¬ 
trochemically. 

3. The yield from the electrochemical process is less at 
present than the yield from the chemical process. Part of 
this difference is due to the fact that the pereentage losses are 
larger the smaller the amount of nitrobenzene taken. 
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4. The efficiency of reduction and the conversion to azo¬ 
benzene both decrease with falling temperatre. One has to 
strike a mean therefore between slight conversion to azo¬ 
benzene but low reduction efficiency and high reduction effi¬ 
ciency with high conversion to azobenzene. The best results 
so far have been obtained at about room temperature. 

I take this opportunity to express my appreciation of the 
active interest Professor Bancroft has taken in the progress of 
the work. 

Cornell University 



NEW BOOKS 


Chemistry of Familiar Things. By Samuel 5 . Sadtler. 15 X 22 cm; pp. 
xiii -h 320, Philadelphia: J. 5 . LippincoU Co., rp/5. Price: $1.73 wc/.— 
In the prefsice the author says: ‘‘This book has been written because of a demand 
for an insight into chemistry by those whose training or whose reading has been 
directed in other channels. Chemistry has been regarded as a difficult and 
confusing study by beginners; yet they seem to grant that it must be a very ab¬ 
sorbing and interesting pursuit to the chemist himself. If this be true it is only 
necessary for the chemist to present the subject with its natural attractions in 
a non-technical way. He may then both instruct and interest those who would 
like to extend their courses of reading to learn more about natural phenomena 
and to familiarize themselves with things in Nature and the Arts.” 

The headings of the chapters are: introduction; brief chemical outline; 
historical development of chemistry; the periodic system of elements; the chem¬ 
istry and production of light; heat, combustion, and insulation; air, oxidation, 
and ventilation; water; alkalies and salts; metals; gold and silver; chemistry of 
the earth’s evolution; soil and its conservation; food elements and food classes; 
individual foods; animal feeding; fermentation; chemistry of the body; soaps, 
solvents, and paints; paper and textiles; leather and rubber; siliceous substances 
and glass; a few important definitions. 

This is a good programme and the task that the author has set himself is 
one that is very well worth doing. The gap between the chemist and the public 
is unfortunately very large. As the reviewer has said before, chemistry is 
taught at the colleges solely for the benefit of the people who intend to use it. 
It is essentially a professional subject. On the other hand it is a subject with 
which everybody deals continually without knowing it, and it ought to be one 
of the most popular of the general education courses. That it is not is the fault 
of the teacher of chemistry We are therefore very grateful to anybody who 
contributes something which will help us to do what we ought to do. The author 
has done this to a certain extent and to that extent this book is a success. On 
the other hand it must be remembered that the author has set himself a very 
difficult task, one for which very few people are qualified. Tyndall and Huxley 
are, of course, the classical models. Robert Kennedy Duncan was successful 
in a distinctly meretricious way. There are no others, though some might in¬ 
clude Cooke. The author’s literary skill is not on a par with his ambition. 
His style is jerky, he writes down to his readers, and his attempts at humor are 
not always successful. He is distinctly at his best when he quotes from Bur¬ 
roughs. This one illustration shows what is needed and how nearly impossible 
it will be to get it. It is very likely that the things will have to be done in two 
stages. After many chemists have tried their hands at the problem, somebody 
will work over their attempts into a real book. That the author has not hit the 
bulls-eye at the first shot is not to his discredit. He has not only seen the target 
—which is more than most chemists do—he has hit in the outer ring. 

In a book covering so much ground there are necessarily some errors of de¬ 
tail. The following could profitably be corrected in the next edition. Wood¬ 
ruff was the man who developed the theory as to the pigmentation of the negroes, 



New Books 


703 


p. 37. The striking characteristic of the Edison cell, p. 48, is its durability and 
not its lightness. It is distinctly misleading to say, p. 55, that probably the 
little fires all over the body would be rather hot if the blood did not circulate by 
means of a pump designed for the purpose, the blood carrying off the heat as 
fast as formed.” It is difficult to believe, p. 60, that the latent heat of vaporiza¬ 
tion of water was a wonderftd provision of nature to enable us to boil meat. The 
reviewer would guarantee to secure a boiled dinner even if the latent heat of 
vaporization of water were negligible. The latent photographic image, p. 75, 
is not AggBr. The author apparently believes, p. 169, that wells near the ocean 
contain fresh water because the soil adsorbs the salts. The water in these wells 
is rain water and does not come from the ocean at all. The water remains fresh 
because the flow is from the well to the ocean. If the le\ el of the water in the well 
is kept permanently below mean low water mark, the water will become salt. 
It is scarcely accurate to say, p. 295, that Professor Harries, Sir William Ramsay, 
and others have succeeded in making rubber economically. Also the vulcaniza¬ 
tion of rubber does not give rise theoretically to hydrogen sulphide. The re¬ 
viewer does not believe that the Romans ever made Portland cement, p. 311. 
A eutectic, p. 315, is not a solid solution. While these errors are not very im¬ 
portant in themselves, it is desirable to eliminate them from a book of this sort. 

Wilder D. Bancroft 

La vie et la lumi^re. By Raphael Dubois. 15 X 22 cm; pp. 338. Paris: 
Felix Alcan, 1014. Price: 6 francs .—The first part deals with what the author 
calls biophotogenesis, the production of light by living organisms; the second part 
with the action of light on living organisms; and the third part with the physio¬ 
logical effects of X-rays, radium rays, Hertzian waves, and high frequency 
currents. 

The power of emitting light is wide-spread and is to be found among vege¬ 
tables, protozoa, coelenterates, echinoderms, worms, crustaceans, insects, mol- 
lusks, fishes, etc. Some idea of the extent of the literature on the subject may 
be obtained from the statement, p. 18, that in 1835 Ehrenberg referred to four 
hundred and thirty-six authors who dealt with self-luminous sea creatures only, 
while in 1887 de Kerville quotes the works of three hundred and twenty-six 
investigators who were dealing with self-luminous insects alone. 

Though there are apparently some cases, p. 38, where oxygen is not essen¬ 
tial, the author takes the ground quite definitely, p. 132, that in general the pro¬ 
duction of light by living organisms is a chemilumine.scence involving oxidation. 
It is not clear in many cases what is the physiological value of the luminescence 
to the organism, though many hypotheses have been put forward, p. 142. 

In the section on the action of light on living organisms the author em¬ 
phasizes the law of Grotthuss, p. 160, that only that light which is absorbed can 
produce chemical action but he makes no mention of depolarizers There is quite 
an account of the bactericidal action of ultra-violet light. Very interesting also 
is the evidence that some of the photogenic organisms emit light of wave-lengths 
suitable to produce fluorescence. The author seems to think that this is identical 
with proving that these organisms emit ultra-violet light. The author is very 
bitter in his criticisms of Loeb’s work on phototropism; but he does not seem to 
the reviewer to make out a good case. 



New Books 



On p. 233 the author describes the experiments of in which dyed 
grains were spread before a turkey. The turkey ate the red ones but did not 
touch the blue ones. From these and other experiments Hess concluded thet 
birds are blind to blue and do not see the blue grains. If this were only true, 
it would open up all sorts of thrilling possibilities. It would only be necessary 
to develop blue strawberries and blue cherries to do away completely with the 
attacks of birds on these fruits. It would be wiser, however for the enthusiastic 
horticulturist to be very sure of these facts before starting to develop a blue 
strawberry. Dubois thinks that the birds are not blind to blue; but simply do 
not like the color, “It is not necessary to be a turkey to object to blue or violet 
food. The same instinctive repulsion exists in man, who docs not like to drink 
out of glasses of these colors." The author goes rather too far here. It is a 
very abnormal man or boy who has an instinctive repulsion for blueberries and 
milk. In a little Dutch town the reviewer once saw a beautiful blue liqueur. 
He does not know the name of it; but the evidence was overwhelming that 
people drank it. 

The section on the physiological action of radium. X-rays, etc., is short and 
does not contain anything which is especially new. Wilder D. Bancroft 

Geschichte des Elektroeisens. By Oswald Meyer, t6 X 24 cm; pp, mi + 
187. Berlin: Julius Springer, IQ14. —The author is an ardent admirer of Bor- 
chers to whom he often refers as the great metallurgist. He, therefore, follows 
the lead of Borchers and distinguishes three periods in the development of the 
electric furnace for producing iron before the invention of Stassano's furnace 
which opens the fourth period. The fifth period runs from 1904 to 1909. It 
begins with the report of the Canadian Commission and ends in 1909 chiefly to 
enable the author to start the sixth period then when an electrical blast furnace 
was installed at Domnarvfet, By the end of 1913 nearly 250 electric furnaces 
for iron had been built or were in course of construction. The author gives a 
distinctly interesting list of all the installations so far as he has been able to learn 
about them. 

There is nothing critical about the book. It is valuable chiefly as a compila¬ 
tion of data, representing a large amount of work on the part of the author. In 
many places the author states that steel from an electric furnace is much better 
than any other steel but one has to take this chiefly on the author’s statement, 
which seems a pity. So far as the reviewer can judge it would be quite out of 
the question to try to determine from this book under what conditions it would be 
desirable to introduce an electric furnace, barring the very simple case of cheap 
water power and expensive coke. Wildef D. Bancroft 

Chemical Geman. By Francis C, Phillips. Second edition. 16 X 2S 
cm; pp. vUi -f 252. Easton: The Chtmical Publishing Co., XQis. Price: $2.00. 
—The first edition was reviewed less than two years ago (18, 82). The reviewer 
is glad to see that the edition was exhausted so promptly, and that a re-issue has 
become necessary. Wilder D. Bancroft 



AN interpretation OF VAN DER WAALS’ EQUA¬ 
TION PROM THE STANDPOINT OF VOLUME 
DETERMINED BY. EQUILIBRIUM OF 
PRESSURES 

BY W. V. METCALF 

Van der Waals’ equation is {p + a/v-){v — b) = RT, in 
which p represents the external pressure; a/v-, according to 
the kinetic interpretation of the equation, represents the pres¬ 
sure which is due to the attraction between the molecules, 
and which acts with the external pressure to compress the mass; 
V represents the volume; h the correction in the ideal gas equa¬ 
tion necessitated by the volume actually occupied by the mole¬ 
cules; T the absolute temperature; and R a quantity which 
is constant for a given mass of a given substance. 

In spite of the fact that this equation is not quantita¬ 
tively accurate, the fact that it predicts and interprets quali¬ 
tatively the metastable conditions; the critical point; the 
minimum volume of pv in the case of gases, with the excep¬ 
tional case of hydrogen; and other phenomena; makes it one 
of the impwjrtant generalizations of science. Its most impor¬ 
tant achievement is its qualitative interpretation of the phe¬ 
nomena connected with the boiling points of a li<^uid at 
successively higher pressures until the critical point is 
reached, with its continuity between the liquid and the gaseous 
states. The equation is one of the third degree in v. Figure i 
shows the type of the curves obtained by plotting the equation 
for as a function of T at successively higher constant pres¬ 
sures; Figure 2 the type obtained by plotting for z) as a func¬ 
tion of p at successively higher constant temperatures. 

Each point on these curves represents a condition of equi¬ 
librium between the volume, the temperature, and the external 
pressure of a given mass of a given substance. Confining 
our attention to Figure i, it is to be noted that the dotted 
line hf is not a part of van der Waals’ curve. If we substi¬ 
tute bf for bcdef, then the curve abfg represents what happens 
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when a liquid is heated to its boiling point, then boiled away 
at constant temperature, and the resulting vapor heated 
still further. There is a sharp distinction between what hap¬ 
pens along this line bf and what is represented by the curve 
bcdef. There are two possible methods by which a given mass 
can pass from the liquid to the gaseous condition. One is a 
process of evaporation from a surface, and involves a dis¬ 
continuous change in volume and in other physical properties. 
The other is a process of continuous expansion of the entire 
mass, and involves only a single phase and only continuous 
changes in properties. The two are wholly independent pro¬ 
cesses, although they may take place simultaneously. Van der 



Waals’ equation has to do only with the latter,—the con¬ 
tinuous expansion process. The distinction between these 
two processes has not always been kept as clearly in mind as 
it should have been. 

On the ciu^e abcdefg, ab represents the ordinary stable 
condition of the liquid; the ordinate of the line bf represents 
the boiling temperature; the parts be and ef represent the so- 
called metastable conditions which are realized experimentally 
in a superheated liquid and a supercooled vapor; the part 
ce represents the unstable condition which has not been studied 
experimentally. A comparison of the successive curves of the 
figure, plotted for successively higher constant pressures, 
shows that as the pressure increases, the maximum and mini¬ 
mum points r and e approach each other horizontally and 
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vertically, and finally, at a certain definite temperatiu'e, 
pressiu-e and volume, represented by h, the two points coincide. 
Above this "critical point” no unstable condition can inter¬ 
vene between the liquid and the gaseous states. 

Van der Waals’ equation emphasizes the fact of the con¬ 
tinuity of the liquid and the gaseous states, and, according 
to the kinetic interpretation of the equation, it makes it clear 
that in the liquid as well as in the gaseous state, the volume under 
given conditions is the result of an equilibrium between op¬ 
posing pressures, some of which tend to decrease the volume 
and others to increase it. The equation may be written 
RT 

^ ^in which p represents the external pres¬ 
sure, and the pressure due to cohesion between 

the molecules. This latter pressure the Germans call Binnen- 
druck or Kohasionsdruck. In English it is usually called in¬ 
ternal pressure,—an ambiguous term unless distinguished as 
positive or negative. I will call it cohesive pressure. In 
the case of the more perfect gases it is ordinarily negligible. 
In ordinary liquids however we have reason to believe that 
it amounts to some thousands of atmospheres. The external 
and the cohesive pressures act together in tending to decrease 
the volume. If these were the only pressures tending to 
change the volume, there could be no volume equilibrium. 
There must be another pressure balanced against these two, 
which tends to increase the volume. The value of this third 
pressure is expressed in the equation by the term RT/tf — 6.* 
The kinetic theory explains this pressure as due to the total 
effect, per unit area, of the blows of the individual molecules. 
It is a function of the temperature and of the density. 
It is due to the elasticity and to the heat vibrations of the mole¬ 
cules. In the more perfect gases it is comparatively small,— 
practically equal to the external pressure. In liquids it is 
ordinarily very large,—approximately equal to the cohesive 

‘ The terra RT/i> — h has the diraensions of pressure, since R has the 
diraensions oipVtV — h expresses a volume, and T simply multiplies the terra by 
an abstract number without changing its dimensions. 
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pressure. I will call it elastic pressure. The condition of con¬ 
stant volume then, in both states, is expressed by the equation: 
External Pressure - 1 - Cohesive Pressure == 

T-, . o RT 

Elastic Pressure, or p -s = - , 

^ 0 * V — b, 

■ It is hot a new idea to look at these phenomena from 
the viewpoint that volume, in the case of liquids as well as of 
gases, is determined by an equilibrium of pressures. Harold 
Whiting* in 1884 published a somewhat elaborate mathematical 
paper, taking this equation as the starting point of his argu¬ 
ment. Such an equilibrium, in the case of both liquids and 
gases, is really involved in the kinetic interpretation of van der 
Waals’ equation, and it is more or less clearly implied in most 
of the thought on the subject.' It has not however been 
kept always so clearly in mind as to avoid all confusion of 
thought on the subject. 

A second point is necessarily involved in the kinetic ex¬ 
planation of van der Waals’ equation. Suppose we have a 
given mass of liquid in equilibrium, and we cause a minute 
rise in temperature by adding heat. This has no effect on the 
external pressure and probably none on the cohesive pres¬ 
sure, but it increases the kinetic energy of the molecules and 
thus increases the elastic pressure. This destroys the equi¬ 
librium by making the force tending to cause expansion greater 
than that tending to cause contraction, and an increase in 
volume results. As the volume increases, the average dis¬ 
tance between the molecules increases. This does not affect 
the external pressure, but both the elastic and cohesive pres¬ 
sures are decreased. If these two pressures decreased by equal 
amounts for a given decrease in density,—that is, neglecting 
external pressure for the time being, if the density coefficients* 


‘ Proc. Am. Acad., ip, 353 (1884). See also Thomas Young, Phil. Trans. 


for 1803, p. 43, quoted by Mathews: Jour. Phys. Chem., 17,491 (1913); also l/cwis: 
Proc. Faraday Soc., 7, 94 (1911-12); Bridgman: Proc. Am. Acad., 49, 96 (1913). 
• The term "density coefficient” of a pressure means, in this paper, 


Pi —Pi i_ <fP 

Pi(Di — Dj) P (fD 


The term rate of change of a pressure with density 


means 


dP 

dD' 


The first is the rate of change of the pressure relative to its own 


value; the second is its absolute rate of change. 
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of the two pressures were equal,—^then the equilibrium could 
not be restored by expansion and the volume would go on 
increasing indefinitely. As a matter of fact the volume in¬ 
creases shghtly and then comes to equilibrium again at the 
higher temperature. This must mean that the pressure tend¬ 
ing to cause expansion decreases, as the density decreases, 
more rapidly than the pressure tending to cause contraction, 
—that is, when the two pressures are equal, that the density 
coefficient of the elastic pressure is greater than that of the 
cohesive pressure. The equilibrium is thus automatically re¬ 
stored by an increase in volume as soon as the disturbing 
cause ceases to act, and the condition is therefore stable. If 
the density coefficient of the cohesive pressure were greater 
than that of the elastic pressure, then any inequality of pres¬ 
sures would be increased, not decreased, by a change of vol¬ 
ume, and equilibrium could not be restored by expansion or 
contraction. No stable equilibrium would be possible in this 
case. A necessary condition of stable equilibrium is that the 
pressure tending to cause expansion changes with density more 
rapidly than that tending to cause contraction. 

One further point;—It seems to be true that in the case 
of all pure liquids the coefficient of expansion by heat in¬ 
creases as the temperatiu-e rises toward the boiling point.’ 
There can be but one interpretation, from the standpoint 
of pressure equilibrium, for this increase in the coefficient 
of expansion. If the density coefficients of the two pres¬ 
sures were the same, external pressure neglected, then a slight 
rise in temperature would cause the mass to expand indefinitely. 


^ The only exceptions known to the author are water, which we now be¬ 
lieve to be a mixture of different kinds of molectdes rather than a pure liquid, 
and several liquids under very high pressure which have been studied by Bridg¬ 
man: Proc. Am. Acad., 49, i (1913-14) and Amagat: Ann. chim. phys., ii, 
520 (1877). All of these exceptions are capable of explanation as due to com¬ 
plex phenomena of association and dissociation, although Bridgman suggests 
also a second explanation on the basis of the introduction into liquids at high 
pressures of an incipient form energy before the solid condition is reached. 
Either explanation would remove these cases from the category of normal pure 
liquids. 
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as explained above, and the coefficient of expansion would be 
infinite. On the other hand, if the density coefficient of the 
elastic pressure be very much greater than that of the co¬ 
hesive pressure, then equilibrium is restored by a slight in¬ 
crease in volume and the coefficient of expansion is small. 
A small coefficient of expansion, then, means a large difference 
between the density coefficients of the two pressures, and 
vice versa. The fact, therefore, that the coefficient of expan¬ 
sion of a liquid increases as the temperature rises must mean 
that, while the density coefficient of the elastic presstne on 
the right side of the equation is greater than that of the total 
pressure on the left, the difference between the two density 
coefficients decreases with rise in temperature. 

T. W. Richards* in a recent article calls attention to the 
fact that a small coefficient of expansion necessarily involves 
a large cohesive pressure. It is of interest to note that the 
converse of this, while probably always true, does not follow 
necessarily from the nature of the case. We might conceiv¬ 
ably have a large cohesive pressure with a large coefficient of 
expansion. If we should have in equilibrium with each other 
two pressures whose rates of change with density were the same, 
then, however powerful the pressures, a slight force added to 
either would permanently destroy the equilibrium, and the 
coefficient of expansion would be infinite. The value of the 
coefficient of expansion depends idtimately not on the intensity 
of the pressures, but on the difference of their density coeffi¬ 
cients. The same kind of statement applies to compressibility. 

To sum up, we have three propositions derived as neces¬ 
sary consequences of the kinetic interpretation of van der 
Waals’ equation: First, volume is determined by an equilib¬ 
rium of opposing pressures. Second, in the case of a stable 
liquid the elastic pressure, which tends to increase the volume, 
increases with density more rapidly than does the cohesive 
presstu-e which tends to decrease the volume. Third, the 
difference between the density coefficients of these two pres- 


* Jour. Am. Chem. Soc., 36, 2425 (1914). 
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sures decreases as the density of a liquid decreases. The 
first of these propositions is not new. Attention has not been 
called to the last two, however, so far as I know, although 
they seem to be necessarily implied in the kinetic interpreta¬ 
tion of van der Waals’ equation. 

These three propositions furnish a simple interpretation 
for the different parts of van der Waals’ curve and the phe¬ 
nomena represented by them. Part ab represents the ordinary 
stable condition of the liquid, as explained above. The part 
be represents the metastable condition,—^the superheated 
liquid. If our propositions represent the real facts, then this is 
a true stable condition, so far as the continuous volume change 
is concerned. But the liquid is above its boiling point and 
therefore there is a strong tendency for evaporation to take 
place. In other words, the condition is stable in reference to 
the continuous volume change, but unstable in reference to 
the surface change. If we could exclude the possibility of 
evaporation, all portions of this part of the curve might be 
realized experimentally. It is the difficulty of preventing 
evaporation that makes it difficult to obtain and hold a liquid 
in this condition. This difficulty has been partially overcome 
in numerous cases, and we are fairly familiar with this meta¬ 
stable condition in the case of many liquids. 

The equilibrium conception points also to the real signifi¬ 
cance of the maximum point c on the curve. Continuing to 
neglect external pressure, from a to c the condition is stable 
because the density coefficient of the elastic pressure is greater 
than that of the cohesive pressure, but as we have seen, the 
difference between the two coefficients is steadily decreasing. 
The point c represents the density at which the two coeffi¬ 
cients become equal and the equilibrium therefore ceases to be 

stable. From c on, the density coefficient of the cohesive 

pressure becomes increasing greater than that of the elastic 
pressure. From c to some point, as d, the rate of change (gp) 

of the cohesive pressure is also increasingly greater than that 
of the elastic pressure. But at the point d this latter change 
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reverses, and from d on, the rate of the elastic pressure gains 
on that of the cohesive pressure, becoming equal to it again 
at e. From a to d the rate of change of the cohesive pressure. 
gains on that of the elastic pressure, passing it at c where the 
two are momentarily equal. From a to c the rate of change 
of the elastic pressure is the greater. From c to c that of the 
cohesive pressme is the greater, this difference reaching a 
maximum at d and then decreasing to zero again at e. From 
c to e, then, the condition is unstable because the cohesive 
pressure changes with density more rapidly than the elastic 
pressure, and consequently the equilibrium, if once disturbed, 
cannot be restored by the resulting change of volume.’ From 
e on, the rate of change of the elastic pressure is greater than 
that of the cohesive pressure. The condition is therefore stable 
so far as volume is concerned, but from e to f the condition is 
that of a vapor below its boiling point, and it is therefore un¬ 
stable in reference to the surface change. Here again we have 
the metastable condition, which simply means a condition of 
•Stability in reference to the continuous volume change, but of 
instability in reference to the surface changes of evaporation 
and condensation. 

Attention was called above to the fact that in the curves 
plotted for successively higher constant pressures, the maxi¬ 
mum and minimum points c and e approach each other as the 
external pressure increases, and finally come together at h, 
the critical point. The reason for this is clear from the stand¬ 
point from which we are viewing the subject. The statement 
was made above that the maximum point c represents the 
density at which the density coefficients of the elastic and co¬ 
hesive pressures became equal. This is not strictly true, 

‘ It is possible that the passage of a substance through an unstable condi¬ 
tion similar to that from C to E along van der Waals’ curve (Fig. 2) is realized 
in nature on the surface of dust particles that prevent the supersaturation of 
water vapor. It is possible that the cause of their action is the condensation 
of the vapor onto their surface by adsorption until the vapor reaches the condi¬ 
tion represented by c. After this it would contract spontaneously and practically 
adiabatically to a liquid condition. The liquid phase would thus be introduced 
and prevent the supersaturation of the remaining vapor. 
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however, since we were rejecting for the time being the ex¬ 
ternal pressure. This would be rigidly true only in the absence 
of external pressure, an impossible limiting case. The ac¬ 
curate statement is that c, the point at which the equilib¬ 
rium changes from stable to unstable, represents the density 
at which the rate of change of the elastic pressure on one 
side of the equation equals the rate, not of the cohesive 
pressure alone, but of the sum of the cohesive and external 
pressures on the other side of the equation. At ordinary 
pressures these two statements are nearly equivalent, but as 
the external pressure increases it becomes an increasingly 
important term on the left side of the equation. The external 
pressure does not change with the density. The maximum 
point c, therefore, must correspond to a density coefficient 
of the cohesive pressure which is somewhat greater than that 
of the elastic pressure, in order to make the rate of change 
of the total pressure on the left equal to that of the pressure 
on the right, and this excess must increase with an increase 
in the external pressure. But this increase in the excess of 
the density coefficient of the cohesive pressure over that of the 
elastic pressure corresponds, as shown above, to a decrease 
in density,- that is, to a movement of the point c further to the 
right. As the external pressure increases, therefore, the maxi¬ 
mum point c, at which the equilibrium changes from stable 
to unstable, moves toward the right. In an exactly similar 
way it can be shown that the minimum point e must move 
toward the left with increasing external pressure, and the two 
points therefore approach each other horizontally. It is 
easy to show that the vertical distance between them must 
also decrease and that they coincide at a certain definite value 
of the external pressure. 

The interpretation that this concept gives to the critical 
point is of interest. As stated above, there is a certain 
maximum possible excess of the rate of change with density 
of the cohesive pressure over that of the elastic pressure. 
This occiu-s on the curve of the limiting case of external pres¬ 
sure equal to zero, and is a characteristic of each substance. 
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It occurs at the density represented by the point d on the 
curve,—ai^oximately that of the critical point. The critical 
point is the point at which, in the equation 

Sxtemal Pressure + Cohesive Pressure = Elastic Pressure, 

the cohesive fn-essure has become so small aj)roportion of the 
left side of the equation, and therefore of the elastic pressure 
on the right, that the maximum possible rate of change of the 
cohesive pressure is no longer great enough to make the rate 
of change of the total pressure on the left of the equation 
greater than that of the pressure on the right. Beyond this 
point there can be no unstable equilibrium, and the change 
from liquid to gaseous state must be a single-phase continuous 
process. 

In a speech* made in 1910 in Stockholm, on the occasion 
of his receiving the Nobel Prize, van der Waals made the 
following statement in reference to the critical temperatiure: 
■“Bei dieser Temperatur sind die kbexistierenden Densitaten 
gleich gross. Das ist das einzige, was dieser Temperatur eine 
Bedeutung gibt, die in alien Beziehungen ihr nicht zukommt.” 
If the above treatment of the critical point is correct, there 
is a property which characterizes this point which is more 
fimdamental than the equality of densities, of which the 
equality of densities is merely a consequence. 

T. W. Richards* has explained the peculiar sensitiveness 
to change of volume at the critical point as due to the fact 
that at this point the volume is determined simply by such 
an equilibrium of pressures as we are discussing. If our 
viewpoint is correct, such an equilibrium exists at all points 
of the curve, as recognized elsewhere by Richards, and the 
stability at any point depends,not 01^ ^e existence of such an 
equilibrium, but on the difference between the density coeffi¬ 
cients of the different pressures involved. The sensitiveness 
to volume change at the critical point would be due, not to the 
fact that the volume is dependent on an equilibrium at this 

^ Van der Waals; '‘Die Zustandsgleichung,” p, 14 (1911). 

* Jour. Am. Chem. Soc., 36, 632 (19x4). 
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point, but to the fact that as the substance, in moving along 
the curve, passes through the critical point, it is momentarily 
in a condition in which the density coefficients on the two 
sides of the equation are equal and the coefficient of expansion 
is therefore momentarily infinite. In both directions along 
the curve from the point h the excess of the density coefficient 
on the right side of the equation over that on the left in¬ 
creases; the coefficient of expansion therefore decreases and 
the volume conditions become more stable. 

We have so far confined our attention to the curves 
shown in Fig. 1. An entirely similar analysis applies to those 
shown in Fig. 2,—the pressure-volume curves plotted at suc¬ 
cessively higher constant temperatures. 

It seems to be true, then, that the equilibrium conception 
under discussion fimnishes a clear, qualitative interpretation 
of all parts of van der Waals’ curves and the phenomena 
connected with them. 

It helps also to give an insight into other problems,—^into 
the mechanical explanation of osmotic pressure for example, 
and the mechanical explanation of why the vapor tension of 
a liquid is decreased by dissolving in it a non-volatile substance 
without change of temperature. Some have found difficulty 
in explaining this latter problem on the basis of the kinetic 
theory of solution.' The vapor tension of a liquid depends 
on the rate at which the molecules escape from its surface. 
Cohesion tends to hinder their escape. One might think 
therefore that the solute pressure, which acts against co¬ 
hesion, should increase rather than decrease the vapor tension. 
A more careful analysis however makes the situation clear. 
The tendency of the molecules to escape depends on the kinetic 
energy of the molecules,—that is, on the temperature,—and also 
on the density of the liquid, exactly the factors on which 
the elastic pressure depends. When the solute is introduced, 
its gas pressure is added to the previous elastic pressure and 
the equilibrium is thus destroyed. The volume therefore 
increases until the expansion causes such a decrease in the 

‘ See Nerast: ''Theoretische Chemie,** 7th Ed., page 248. 
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elastic pressure that it, plus the solute pressure, is now equal 
to the cohesive pressure plus the external pressure. At this 
point the equilibrium is restored. The cohesive pressure 
has been decreased,due to the decrease in density, but the 
decrease in the elastic pressiire has exceeded that of the co¬ 
hesive pressure by an amount equal to the solute pressure, 
in spite of the fact that the kinetic energy of the molecules has 
not changed. We should therefore expect a lowering of the 
vapor pressure proportional to the solute pressure,—propor¬ 
tional that is, in dilute solutions, to the concentration. The 
equilibrium conception therefore explains the phenomena both 
qualitatively and quantitatively. The decrease in vapor ten¬ 
sion, if the thought of this paper is valid, is not contrary to the 
kinetic theory, but is what that theory would predict. The 
mechanical explanation therefore is as clear as the dynamic. 
No mere thermodynamic explanation of a phenomenon is a 
complete one. It needs to be supplemented by a clearing up 
of the mechanical situation. 

If this explanation is the true one, it ought to be possible 
to increase the vapor tension of a solution until it equals 
that of the pure solvent, by applying to the solution what 
Ostwald calls a “Pressung,” equal in amount to the solute 
pressure. According to Callender’s^ vaporization theory of 
osmosis, this is what reaUy does take place at the 
semi-permeable membrane when the back pressure becomes 

‘ Jager (Drude’s Ann., 41, 854 (1913)) argue,s that because of variation 
from Dalton’s law, the solute when added without change of volume adds more 
than its normal gas pressure to the clastic pressure of the liquid, but that where 
flow through a semi-permeable membrane is pos.sible, this flow takes place in 
such a way as to automatically restore the equality between the elastic pressure 
of the solvent in the solution and that of the pure solvent without, thus leaving 
the total elastic pressure of the solution greater than that of the pure solvent 
by an amount just equal to the gas pressure of the solute. If Jager is right, 
then the decrease in the cohesive pressure caused by expansion when a solute is 
dissolved in a liquid should be Just equal to its increase due to variation of the 
elastic pressure from Dalton’s law The two should just balance, leaving the 
cohesive pres.sure of the solvent in the solution the same as that of the pure 
.solvent. 

» Nature, 81, 235 (1909). .See also Battelli and Stefanini: Abs. Chem. Soc., 
p3, II, 233 (1907). 
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suflSdent to stop the flow. Callender assumes that the pores 
of the membrane are filled with vapor instead of liquid, and 
that the osmotic flow is due to vaporization and condensation 
within the pores. If his assumption is correct, his theory 
offers a self-consistent and logical explanation of osmosis, in ac¬ 
cordance with the kinetic theory of solution. But ordinarily, 
probably always, the membrane is wet by the solvent and 
the pores are filled with liquid rather than with vapor. In 
this case the kinetic theory offers an equally clear mechanical 
explanation of osmosis along the line of LeBlanc’s sug¬ 
gestion.' In either case, the oft-repeated statement that the 
real mechanical cause of osmotic flow is still a mystery is not 
true. The kinetic theory offers as clear a qualitative ex¬ 
planation of osmotic pressure as it does of gas pressure, and 
the quantitative limitations are analogous in the two cases, 
although more complicated in the case of solutions. 

Another point should be considered,— the question why 
a decrease in density should cause such curious changes in 

the relative rates of changes of the two internal pressures 

as is described above. As shown, it seems to follow from the 
kinetic interpretation of van der Waals’ equation, that when 
along any curve the density of the mass is greater than a certain 
fixed value the rate of change of the cohesive pressure divided 
by that of the elastic pressure increases as density decreases; but 
that, at this particular density of the mass, the process reverses, 
and thereafter the value of this fraction decreases as density 
decreases. The reason for this is inherent in the nature of the 
equation,—^in the relative importance in the equation of the 
quantities a/v'^ and b at different densities. 

There has been much discussion as to whether the in¬ 
accuracy of van der Waals’ equation is due to the variability 
of the quantity “a” or of the quantity “b" or of both. It seems 
now to be fairly established that “6” is variable. Van der 
Waals’ latest thought® is that “o” also is variable in all cases. 

^ ''Lehrbuch der Elektrochemie,” 3rd Ed., p, 40. 

* Van der Waals: Loc. cit., pp. 14-17. 
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His hypothesis is that sis a substsince approaches the liqtiid 
from the gaseous state, sissodation always takes place, suid 
that this causes a decrease in the cohesive pressure suid re¬ 
sults in less compression than is called for by the equation. 
The theory of the compressibility of the molecule and of the 
atom has an interesting besiring on this point. In the light 
of the evidence presented by Richards and others, and in the 
light of our present views as to the complexity of the atom 
as well as of the molecule, it seems difficult to doubt that 
both the molecule and the atom are compressible and that they 
therefore have volume elasticity as well as form elasticity. 
Richards believes that as a vapor is cooled the molecules 
approach each other until, somewhere in the region of con¬ 
densation, they come into continual contact with each other; 
and that as the liquid is cooled still further the molecules 
become more and more compressed. If this is true it intro¬ 
duces a new element into the situation not taken into account 
in the kinetic demonstration of van der Waals’ equation,— 
namely, the volume elasticity of the molecules and perhaps 
also of the atoms. The elastic pressure due to this cause 
could not be identical with that due to heat vibrations, since 
it would exist in the absence of heat vibrations. Bridgman ‘ 
has given us a most interesting discussion of this kind of 
elastic pressure. This pressure would be introduced gradually 
as the density of the vapor or the gas is increased toward the 
boiling point or the critical point. The phenomena produced 
would be qualitatively the same as the experimental varia¬ 
tions from van der Waals’ equation. The same lessening 
of the full compression called for by the equation would be 
produced either by a lessening of the cohesive pressure through 
association or by an increase in the elastic pressure due to 
molecular compression. Van der Waals’ hypothesis, however, 
makes “a” variable in all substances, while the molecular 
compression h5q)othesis leaves it still reasonable to suppose 
that in normal liquids “a” is constant and therefore that the 
cohesive pressure is a fimction of the density only, varying 

^ Bridgman: Loc. cit., p. 105 and following. 
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inversely as the square of the volume, as called for by van 
der Waals’ equation. 

The presentation of the thought of this paper is a purely 
qualitative one. In order to give the thought its full value 
the density coefficients of the cohesive and the elastic pres- 
.siues, and their changes with density, would have to be ex¬ 
pressed in terms of the first and second derivatives of the pres¬ 
sures with respect to density, and the relation between these 
and compressibility, coefficient of expansion, and other phys¬ 
ical properties would have to be expressed mathematically 
and tested experimentally. It may prove possible, also, to 
work back by integration to the values of the two internal 
pressures, and to determine the laws of their variation. The 
question may be raised whether there would be advantage in 
substituting a new equation of state, expressed in terms that 
can not at present be measured with any accuracy, in place 
of the older one expressed in easily measurable quantities. 
The answer is that there is no suggestion of replacing van der 
Waals’ equation, but only of supplementing it. The ad¬ 
vantage of the new standpoint is that it is an attempt to deal 
directly with the forces themselves, which are the real causes 
of the phenomena in question. However the quantitative 
side may work out, the fact that the three fundamental prop¬ 
ositions of this paper seem to be necessarily involved in the 
kinetic theory would seem to make it legitimate and of value 
to use them qualitatively, in order to visualize the phenomena 
involved, and in order to check up other thought on the sub¬ 
ject. 

OherHn, 0 . 



THE RELATIVE AFFINITY OF METALS IN NON- 
AQUEOUS SOLUTIONS AND THEIR REAC¬ 
TIVITY IN INSULATING MEDIA 
PART I 

BY JNANENDRA CHANDRA GHOSH 

Gates’ investigated the replacement of metals in non- 
aqueous solutions of various organic salts of copper, the re¬ 
placement being indicated by the brassy nature of the metal. 
The non-aqueous solutions, of simple inorganic salts whose 
mode of ionization in water is exactly known have not re¬ 
ceived much attention. In the present paper, an account 
of the experiments mostly carried out with several simple 
salts will be given. 

The allied subject of chemical reactivity in non-aqueous 
solvents has been extensively investigated by Kahlenberg® 
and his pupils. They have arrived at the conclusion that in¬ 
stantaneous chemical reaction is possible even in the best 
insulators and the hypothesis that chemical reaction is en¬ 
tirely due to ions is not rigidly true. Our conception of a re¬ 
action between a metal and a salt is entirely ionic, and it ap¬ 
peared interesting to determine how the electrical resistance 
of the solutions affects the displacement. 

Experimental Method 

To obtain trustworthy results, it is absolutely necessary 
that the purest substances obtainable should be used. The 
work was restricted only to the following solvents; benzene, 
toluene, nitrobenzene, aniline, chloroform, amyl alcohol, 
amyl acetate and ethyl acetate, and to the following metals: 
mercury, copper, lead, iron, tin, nickel, zinc and magnesium. 
The samples taken were in most cases Merck’s extra pure re¬ 
agents, and in several cases procured from Kahlbaum. The 
solvents used were then further purified with the greatest pre¬ 
caution in the laboratory. Perfectly pme and anhydrous 

‘Jour. Phys. Chem., 15, 97-146 (1911). 

• Ibid., 6, 6, 447 (1902); 9,641 (1905). 
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salts were taken and mixed with the solvent. Whether any 
salt has passed into solution was determined in each case 
by analyzing a portion of the clear liquid above the salt. 
Glass tubes closed at one end and constricted at the other 
were washed thoroughly clean and kept in an air-bath having 
a temperature of 150° C for several hours. They were then 
cooled in the desiccator. Carefully cleansed, chemically 
pure, metal pieces were then put inside the tubes, and the solu¬ 
tion poured into them as soon as it was prepared. The con¬ 
striction was then quickly drawn out by means of the blow¬ 
pipe and the tubes thus sealed were watched from time to 
time to see whether any reaction was taking place. The 
reaction was allowed to take place at room temperature, 
which was 21° C on the average. The tubes were broken 
open after several days, and both the metal and the solution 
were subjected to thorough chemical analysis. The deposit 
on the metals was often found to consist of both adherent 
and non-adherent layers. The non-adherent layer was separa¬ 
ted from the metal by washing and boiling with distilled 
water, and then carefully analyzed. 

Measurement of Specific Resistance 
It is essential to measure the specific resistance of the solu¬ 
tions to be investigated, to determine whether the reactions 
are really ionic or not. The Kohlrausch method of deter¬ 
mining conductivity could not be well applied for the mea¬ 
surement of extremely high resistance. The following well- 
known method was therefore adopted: A battery was con¬ 
nected to a high resistance galvanometer and a megohm in 
series, and the deflection of the galvanometer, x, was mea¬ 
sured. The megohm was then put out of circuit, the conduc¬ 
tivity cell substituted instead, and the deflection, y, deter- 

mined. The resistance = megohm. If y is not of the same 

order of magnitude as x, the galvanometer is used with a 
shunt of known resistance and we have the resistance of the 

cell ® where S is the resistance of the shunt and R 

S “f* R y 
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the galvanometer resistance. The Kohlrausch method was 
always employed when the resistance of the solutions was 
rather low. Before use, the electrodes and the cell were 
perfectly dried in the desiccator. The specific resistance 
of some of the solvents are quite remarkable. Indeed some 
proved to be the best insulators. Thus benzene, toluene, 
aniline, nitrobenzene, chloroform, each had a specific resis¬ 
tance exceeding 500 million ohms, the limit of the sensitive¬ 
ness of the instruments employed. The specific resistances 
of the solutions were generally found to be less than that 
of the solvent. 


Experiments with FeCh as Solute 

Pure, anhydrous ferric chloride was prepared in the labora¬ 
tory. It is easy to determine whether FeClg has passed into 
solution, because of the reddish brown color which it imparts 
to the liquid. The results are given in Table I. The solu¬ 
tion was analyzed by evaporating it to dryness and then pro¬ 
ceeding in the usual way. 

Table I 
(a) 

FeCls in benzene. Time of exposure, 36 days. Specific re¬ 
sistance of solution—more than 500 million ohms 


I 

Metal 

1. Mg 

2 . Zinc 

3. Lead 

4. Tin 

5. Copper 
•6. Mercury 


II 

Analysis of metal 

Gray adherent de¬ 
posit containing 
iron 

Gray adherent de¬ 
posit containing 
iron 

Adherent black de¬ 
posit containing 
iron 

Nonadherent gray 
deposit contain¬ 
ing iron 

Adherent deposit 
of copper salt 

Clear and bright 


III 

1 Analysis of solution 

i _ . . _ 

1 

! Colorless, con- 
j tain consider- 
' able amount 
of Mg 

; Greenish, con- 
I tain zinc 

1 

Clear and color¬ 
less, contain no 
I lead 

j Clear and color- 
; less 

Pale red, no 
copper 

Opaque with 
white granules 
of HgjCla 


IV 

Remarks 


Replacement 

Replacement 

Replacement 

Reduction 

certain 

Reduction 

Reduction 
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(b). 

FeClg in toluene 
Time of exposure, 31 days 
Specific resistance = 7500 million 
ohms 


(c) 

FeCla in aniline 

Time of exposure, 35 days 

Specific resistance = 0.25 million 

ohms 


Metal 


1. Mg 

2. Zinc 

3. Lead 

4. Tin 

5. Copper 

6. Mercury 


1 

Observation j 

Metal 

! 

Replacement 

1. Mg 

Replacement 

2. Zinc 

Replacement 

3. Lead 

Replacement prob¬ 


able 

4. Tin 

Reduction j 

5. Copper 

Reduction | 

6. Mercury 


id) (e) 


Observation 

Replacement 

Replacement 

Replacement 

Replacement 
Replacement 
No reaction 


FeCla in nitrobenzene 
Time of exposure, 34 days 
Specific resistance = 5100011ms 


FeCla in chloroform 
Time of exposure, 26 days 
Specific resistance ~ 2 million 
ohms 


Metal ‘ Observation 


Metal ObvServation 


1. Mg 

2. Zinc 

3. Lead 

4. Tin 

5. Copper 

6. Mercury 


Replacement 

Replacement 

Replacement 

Replacement 

Reduction 

Reduction 


I. Mg 
j 2. Zinc 
i 3. Lead 
j| 4- Tin 
: 5. Copper 


Replacement 
j Replacement 
Replacement 
Replacement 
! Reduction 


(j) 

FeCL in ethyl acetate 
Time of exposure, 25 days 
Specific resistance = 6000 ohms 


k) 

FeCls in amyl acetate 
Time of exposure, 30 days 
Specific resistance = 21000 

ohms 


Metal 

Observation 

Metal 

Observation 

1. Mg 

2. Zinc 

3. Tin 

4. Copper 

Replacement 

Replacement 

Replacement 

Reduction 

1. Mg 

2. Zinc 

3. Tin 

4. Copper 

5 - Hg 

Replacement 

Replacement 

Replacement 

Reduction 

Reduction 
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FeCls in amyl alcohol 
Time of exposure, 31 days 


Metal 

1. Mg 

2. Zinc 

3. Tin 

4. Copper 

5. Mercury 


ih) 


Observation 

Replacement 
Replacement 
Replacement 
Replacement probable 
Reduction 


From the above table (I) it will be noticed that in all the 
solvents used, magnesium, zinc and lead replace iron; tin 
replaces iron in the majority of cases; copper in aniline and 
probably in amyl alcohol solutions. Mercury can only re¬ 
duce ferric salt to the ferrous state. It is peculiar that in 
aniline solution mercury has no action on ferric chloride. 
On examining the specific resistances of the different solu¬ 
tions, it will be observed that they vary from 4000 ohms 
in the case of amyl alcohol to upwards of 500 million ohms 
in the case of benzene, toluene, etc. It is remarkable, how¬ 
ever, that the velocity of reduction of the ferric salts in the 
several solutions does not bear any proportion to the elec¬ 
trical resistances of the respective solutions. The FeCh 
content of the majority of the solutions was approximately 
the same, as also the surface of each metal exposed to the 
various solutions. It was found, however, that the time 
taken for the complete reduction by a metal, of FeCla in various 
solvents, as indicated by the complete decoloration of the 
solution, was not widely different. 

Experiments with HgCl: as Solute 
Pure HgCli was recrystallized and dried carefully. Arc- 
towski,* Sulc,® etc., have determined the solubility of HgCl* 
in various solvents. The experiments were performed in 
the same way as in the case of FeCU- Here, however, it is 
easy to determine whether the mercury salt has been replaced, 
from the shining appearance of the amalgamated metals. 

‘ Zeit. anorg. Chem., 6, 267 (1894). 

• Ibid., 35, 401 (1900). 
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Table II 
(a) 

HgCl2 in benzene. Time of exposure, 31 days 
Specific resistance > 500 million ohms 


Metal 

Analysis of metal 

Analysis of solution 

Remarks 

I. Mg 

i 

Amalgamated 

Opalcvscent with 
granules of 
Hg2Cl2 

Replacement 

2. Zinc 

Amalgamated, de- 

Opaque with 



posit of Hg2Cl2 

HgsCls 

Replacement 

3. Iron 

No change 

Opaque with 
Hg2Cl2 

Reduction 

4. Lead 

Amalgamated 

Opaque with 
Hg2Cl2 

Replacement 

5. Copper 

White on washing 
deposit of Hg2Cl2 

Clear and color¬ 
less, contain no 
copper 

Replacement 


(b) 

HgCh in toluene 
Time of exposure, 33 days 
Specific resistance > 7500 million 
ohms 


w 

HgCla in nitrobenzene 
Time of exposure, 32 days 
Specific resistance > 0.95 
ohms 


Metal 

Observation 

Metal 

Observation 

I. Mg 

. 

Replacement 

I. Mg 

Replacement 

2. Zinc 

Replacement 

2. Zinc 

Replacement 

3. Iron 

Reduction 

3. Iron 

Reduction 

4. Lead 

Replacement 

4. Lead 

Replacement 

5. Copper 

Replacement 

5. Copper 

Replacement 


id) 


(e) 

HgCL in chloroform 

HgCL in ethyl acetate 

Time of exposure, 32 days 

Time of exposure, 28 days 

Specific resistance > 500 million 

Specific resistance = 45000 

ohms 


ohms 


Metal 

Observation 

Metal 

Observation 

I. Mg 

Replacement 

I. Mg 

Replacement 

2. Zinc 

Replacement 

2. Zinc 

Replacement 

3. Iron 

Reduction 

3. Iron 

Free globules of 

V 



Hg, replace¬ 




ment 

4. Lead 

Reaction very slight 

4. Lead 

Reduction 

5. Copper 

Replacement 

5. Copper 

Replacement 
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(J) 

HgCl* in amyl acetate 

Time of exposure, 27 days 

Specific resis^ce = 10 million ohms 


Metal 


Observation 


1. Mg 

2. Zinc 

3. Iron 

4. Lead 

5. Copper 


Replacement 
Replacement 
Replacement 
Reduction certain 
Replacement 


(g) 


HgCL in amyl alcohol 
Time of exposure, 25 days 
Specific resistance = 7.7 million ohms 


Metal 


Observation 


1. Mg 

2. Zinc 

3. Iron 

4. Lead 

5. Copper 

HgCl, in aniline 
Time of exposure, 30 
Speci fic resist ance = 


Metal 


1. Mg 

2. Zinc 

3. Iron 

4. Copper 


Replacement 

Replacement 

Replacement 

Replacement 

Replacement 


Observation 


Replacement 

Replacement 

Reduction 

Replacement 


ih) 

days 
1.5 million ohms 


It will be seen from Table II that magnesium, zinc and 
copper replace mercury in all cases. Iron replaces mercury 
only in ethyl acetate, amyl acetate and amyl alcohol solu¬ 
tions. It is peculiar that in chloroform solution lead seems 
to have no action on HgCL; otherwise the reduction of HgCL 
to Hg2Cl2 is evident in all cases. It will be seen that the elec¬ 
trical resistance in benzene, toluene and chloroform solution 
is very great; here the reaction does not also proceed vigor- 
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ously. The electrical resistance in aniline, nitrobenzene, 
ethyl acetate, amyl acetate and amyl alcohol is of the same 
order. The reduction to mercurous chloride in the last three 
solvents is quite vigorous, as judged by the appearance of 
milkiness. When magnesium is the reacting metal, milki- 
ness appears almost instantaneously in them. In aniline and 
nitrobenzene solution, the reduction is much slower. Cop¬ 
per in aniline solution seems to be very reactive. That copper 
replaces iron in aniline solution has been noticed before. 
Experiments with Hg(CN)2 as Solute 
It was thought interesting to determine whether the be¬ 
havior of Hg(CN)2 solutions is analogous to HgCb solutions. 
Any difference in the behavior of the two might be set down 
as due to the influence of the negative radical of the salt. 
In aqueous solutions, both the salts are characterized by 
their remarkably small dissociation. 


Table III 
(a 

Hg(CN)2 in nitrobenzene. Time of exposure, 30 days 
Specific resistance « i.5jnillion ohms _ 


Metal 


1. Mg 

2. Zinc 

3. Iron 


Analysis of metal 

Clean and bright 
Clean and bright 
Clean and bright 


4. Lead ! Clean and bright 

5. Copper I White 

i 


Analysis of solution 


Remarks 


No trace of Mg 
Zinc absent 
Contain consider¬ 
able iron 
Lead absent 
Clear, greenish, 
contain copper 


No reaction 
No reaction 

Replacement 
No reaction 

Replacement 


(b) 

Hg(CN)2 in aniline 
Time of exposure, 33 days 
Specific resistance = 4,9 mil¬ 
lion ohms 


(c) 

Hg(CN)2 in amyl alcohol 
Time of exposure, 30 days 
Specific resistance = 0.75 mil¬ 
lion ohms 


Metal 


Observation 


I. Mg 


2. Zinc 

3. Iron 

4. Lead 
3. Copper 


No reaction 


No reaction 
No reaction 
No reaction 
Replacement 


Metal 


Observation 


I. Mg 


2. Zinc 

3. Iron 

4. Lead 

5. Copper 


Replacement, 
free globules of 
Hg 

No reaction 
Replacement * 
Replacement 
Replacement 




728 


Jnanendra Chandra Ghosh 


id) 

H^(CN)j in ethyl acetate 
Time of exposure, 28 days 
Specific resistance = 3 million 
ohms 


Metal 


1. Mg 

2. Zinc 

3. Iron 

4. Lead 

5. Copper 


Observation 


No reaction 
No reaction 
No reaction 
Replacement 
Replacement 


(e) 

Hg(CN)4 n amyl acetate 
Time of exposure, 38 days 
Specific resistance == 20 mil¬ 
lion ohms 


I Metal 

I. Mg 
2. Zinc 
i 3. Lead 
.] 4. Iron 
. 5. Copper 


Observation 

No reaction 
No reaction 
No reaction 
No reaction 
Replacement 


The remarkable difference between the behavior of HgCU 
and Hg(CN)2 solutions is apparent from the preceding table 
(III). The specific resistance of a Hg(CN)2 solution is of the 
same order as that of the corresponding HgCL solution. The 
extraordinary inertness of Hg(CN)2 solutions could not there¬ 
fore be attributed to poor conductivity. The base metals 
magnesium and zinc are rather conspicuous by their inac¬ 
tivity, magnesium only displacing Hg in amyl alcohol solu¬ 
tion, zinc in none. On the other hand copper, which is the 
most electropositive of the group, was found to be uniformly 
active. Iron replaced merciuy in nitrobenzene and amyl 
alcohol, while lead replaced it in amyl alcohol and ethyl 
acetate solution. In this connection it is interesting to notice 
that copper in aqueous solutions of KCN appears to be baser 
than zinc. 

Replacement of Mercury Salts by Silver In Non-Aqueous 

Solutions 

It is well known that the electrolytic solution pressures of 
Ag and Hg, in aqueous solution, are quite close to each other. 
To determine whether this relationship holds in other sol¬ 
vents, clean pieces of silver foil were allowed to act upon 
solutions of HgCU and Hgl2 in ether, ethyl acetate, glycerine, 
carbon tetrachloride, chloroform, benzene, toluene and cau-- 
bon disulphide. The solvents were purified with extreme 
care, e. g., ether was twice distilled over sodium, ethyl ace- 




Relative Affinity of Metals in Non-Aqueous Solutions 729 


tate several times over fused CaCla, etc. In all the cases Hg 
was found to have amalgamated with Ag. In several cases, 
<?. g., in ethyl acetate, ether, glycerine, the silver foil became 
dull and grayish instantaneously. It is remarkable that in 
all the solvents used Ag and Hg retain the same order in re¬ 
placement series as in water. 

Experiments with Cdlt as Solute 
Pure Cdl2 was recrystallized and dried very carefully. 
The experiments were carried on as in the previous cases. 

From Table IV it will be seen that magnesium replaced 
cadmium in all the solutions tried, whereas zinc could replace 
cadmium in none. It is peculiar that cadmium is replaced 
by iron in aniline, chloroform and amyl alcohol solutions, 
and by copper in aniline, chloroform, amyl alcohol and amyl 

Table IV 
(a) 

Cdb in aniline. Time of exposure, 36 days 
Specific resistance of solution = i .35 million ohms 


Metal Analysis of metal 

1. Mg ' Clean and bright 

2. Zinc Clean and bright 

3. Iron I Clean and bright 

4. Copper i Clean and bright 

5. Hg ' No reaction 

( 6 ) 

Cdio in chloroform 
Time of exposure, 33 days 
Specific resistance > 500 mil¬ 
lion ohms 


Analysis of solution 


Remarks 


Contain consider¬ 
able Mg 
Zinc absent 
Contain iron 
Contain consider¬ 
able copper 


Replacement 
No reaction 
Replacement 

Replacement 
No reaction 


(c) 

Cdia in amyl alcohol 
Time of exposure, 34 days 
Specific resistance = 1.5 million 
ohms 


Metal 

1. Mg 

2. Zinc 

3. Iron 

4. Copper 
Mercury 


Observation ij 

.. ■ - ■ - !j 

Replacement ji 
No reaction !l 
Replacement | 
Replacement | 
No reaction 


Metal 

1. Mg 

2. Zinc 

3. Iron 

4. Lead 

5. Copper 

6. Mercury 


Observation 

Replacement 
Replacement 
Replacement 
No reaction 
Replacement 
No reaction 
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(.d) 

Cdl* in amyl acetate 
Time of exposure, 25 days 
Specific resistance = 0.35 mil¬ 
lion ohms 


ie) 

Cdlj in ethyl acetate 
Time of exposure, 34 days 
Specific resistance = 0.25 mil¬ 
lion ohms 


Metal ) 

1 

Observation 

Metal 

1 1 

Observation 

I. Mg 

Replacement 

i I- Mg 

Replacement 

2. Zinc 

No reaction 

! 2. Zinc 

No reaction 

3. Iron 

No reaction 

! 3. Tin 

No reaction 

4. Lead 

Replacement 

' 4. Lead 

Replacement 

5. Copper 

Replacement 

5. Copper 

No reaction 


acetate solutions. In aqueous solutions copper is far nobler 
than cadmium. The very high resistance of chloroform 
solutions did not, as in previous cases, prevent the replacement 
of salts by metals. 

Experiments with Lead Oleate as Solute 

No suitable inorganic salt of lead could be found which is 
soluble in a large number of organic solvents. An organic 
salt of lead was used in the experiments. Pxme lead oleate 
from Merck was carefully heated in the air bath until the 
whole melted. The sample should not be allowed to char. 
Whether any lead has passed into solution was determined 
by evaporating the solution, dissolving the residue in nitric 
acid and then examining the solution for lead. 


Table V 

Lead oleate in aniline. Time of exposure, 33 days 


Metal 

i 

; ' 'I 

Analysis of metal 

Analysis of solution 

Remarks 

1. Mg 

2. Zinc 

Bright and clean 

Slight Mg present 

Replacement 
probable * 

Black deposit, 

Contain consider- 

1 

3. Iron 

contain lead 

able zinc | 

Replacement 

1 Clean 

Brownish, contain 

4. Copper 

Black deposit, 

iron 

Copper present 

Replacement 

Replacement 


contain lead 

5. Mercury 

Clean and 

Mercury absent 

No reaction 


bright 



1 
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Lead oleate in benzene 
Time of exposure, 39 days 
Specific resistance ~ 426 million 
ohms 


1. Mg 

2. Zinc 

3. Iron 

4. Copper 


Observation jj 

Replacement j| i, 
Replacement jj 2. 
No reaction || 3. 


Lead oleate in toluene 
Time of exposure, 34 days 
* Specific resistance = 330 mil- 
lion ohms_ 

Metal 1 Observation 


4. Copper Replacement 

id) 

Lead oleate in chloroform 
Time of exposure, 34 days 
Specific resistance >500 million 
ohms 

r 

Metal j Observation j' 


Copper 


Replacement 

Replacement 

Replacement 

probable 

Replacement 


Lead oleate in nitrobenzene 
Time of exposure, 37 days 
Specific resistance =140 mil¬ 
lion ohms 

Metal Observation 


1. Mg 

2. Zinc 

3. Iron 

4. Copper 

5. Mercury 


Replacement 
Replacement 
No reaction 
Replacement 
No reaction 


! I. Mg 
I 1. Zinc 


Iron 

Copper 

Mercury 


Replacement 
Replacement 
No reaction 
Replacement 
No reaction 


Lead oleate in amyl alcohol 
Time of exposure, 29 days 


Observation 


1. Mg I Replacement 

2. Zinc Replacement 

3* Iron j Replacement 

4. Copper ! Replacement 

5, Mercury j No reaction 

(^) 


Lead oleate in ethyl acetate 
Time of exposure, 33 days 


_ specific resistance — 2.1 million ohms 

Metal 

Observation 

I. Mg 

Replacement 

2. Zinc 

Replacement 

3* Iron 

No reaction 

4. Tin 

1 No reaction 

5. Copper 

Replacement 
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It will be noticed from Table V that magnesium and zinc 
replaces lead in all the solvents used. The beha'wor is there¬ 
fore the same as in aqueous solutions. The replacement by 
copper of the lead salt in all the non-aqueous solutions is, 
however, quite interesting, for copper is nobler than lead in 
aqueous solutions. Iron could not replace lead in benzene, 
chlcffoform, nitrobenzene and ethyl acetate solution, and 
mercury could replace it in none. Here, too, the velocity of 
replacement cannot be connected in any way with the elec¬ 
trical resistance of the solution. 

Conclusion and Summary 

It thus becomes evident that the arrangements of the 
metals according to their relative basicity in the various sol¬ 
vents do not coincide with one another or with the electro¬ 
chemical series. Below are given tables of the electrochem¬ 
ical series and the number of solvents in which a salt is re¬ 
placed by a metal; 

No. of solvents out of a total 
Electrochemical series of 8 in which PeCU is replaced by 

the respective met^. 


8 

8 

8 

6 

2 

O 


I. Mg 

Normal potential 

1-55 


2. Zn 

0.76 

— 

3- Fe 

0-43 

Mg 

4. Cd 

0.40 

Zn 

5 - Pb 

0.12 

Pb 

6. Tin 

0.10 

Tin 

7. Cu 

0.34 

Cu 

8. Hg 

0.86 

Hg 
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No. of solvents out of 5 in which Hg(CN)a is replaced by a metal 


Mg 

Zn 

Iron 

Lead 

Cu 



1 

o 

2 
2 
5 


It is thus clear that the replacement series is not at all a 
“characteristicof the metal but is dependent upon the mutual 
relationship of the metals, the acid radicals, and the solvent 
present in any given combination.** 

It has been shown that replacement of one metal by another 
is possible even in the best insulators. The velocity of reac¬ 
tion in a solution having a resistance upwards of 500 million 
ohms is indeed slow, but never nil. The change in velocity 
when we pass from one solvent to another is also not com¬ 
parable to the change in electrical resistance. 

My best thanks are due to Professors Ray and Bhadur^. 

Chemical Laboratory 
Presidency College 
Calcutta, India 




THE DIELECTRIC CONSTANTS OF SOME COM¬ 
POUNDS OF VANADIUM* 


BY ALBERT G. LOOMIS AND HERMAN SCHLUNDT 

We have continued the measurements of dielectric con¬ 
stants in this laboratory by determining the dielectric capaci¬ 
ties of some compounds of vanadium that are liquid at ordi¬ 
nary temperatures. The tetrachloride, VCL. the oxychlo¬ 
ride, VOCls, and the oxybromide, VOBra, were prepared and 
their dielectric constants measured at several temperattu-es. 

Measurements .—The measurements were conducted with 
the standard apparatus of Drude-Schmidt used in former 
investigations. “ Since the compounds studied react readily 
with water vapor the rectified samples were measured in sealed 
cells of the type used by Schaefer and Schlundt for liquid 
hydrogen chloride.* Some of the compounds are, moreover, 
somewhat sensitive to light and are unstable,—the oxybromide, 
VOBra, decomposes gradually in vacuo in the dark at room 
temperatures. Hence the measurements were conducted 
with freshly prepared samples. Several determinations were 
made with different samples of each compound in cells whose 
dielectric capacity differed somewhat. 

The cells were calibrated with the standard solutions of 
acetone and benzene recommended by Drude. At least four 
points were determined in obtaining the calibration curves 
by plotting scale readings against dielectric constants. Each 
scale reading plotted represents the average of ten settings 
for resonance—^five by each of us. To guard against errors 
that may be introduced by accidental displacements of the 
plates of the cells or by slight changes in the spark gap and 
other parts of the apparatus the cells were recalibrated after 

‘ Abstract of a thesis submitted in the Graduate School of the Univer¬ 
sity of Missouri by Albert G. Loomis in partial fulfillment of the requirements 
for the degree of Master of Arts, June, 1915. 

2 Jour. Phys. Chem., ii, 699 (1907); 13, 669 (1909). 

* Ibid., 13, 671 (1909). 
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each series of measurements of one of the vanadium com¬ 
pounds. 

Preparation of Compounds .—The samples of vanadium 
oxychloride, VOCh, were prepared by the method of Roscoe:^ 
Dry chlorine is passed over a heated mixture of vanadium 
trioxide and sugar charcoal and the distillate caught in an 
atmosphere of carbon dioxide. We followed the details of 
Roscoe’s method given by Prandtl and Bleyer^ for the prepara¬ 
tion of pure vanadium oxychloride from which the atomic 
weight of vanadium was determined. The vanadium oxide 
used was prepared from iron vanadate containing about thirty 
percent of vanadic add, VjOs, kindly furnished by the National 
Radium Institute through the courtesy of Mr. R. B. Moore, 
in charge of the radium investigations U. S. Bureau of Mines, 
Denver, Colorado. The vanadic oxide was extracted from 
this material in the following manner: The powdered iron 
vanadate was decomposed by hydrochloric and nitric adds. 
The nitric add was added to oxidize the iron to the ferric 
condition, and also vanadium trioxide to vanadium pentoxide. 
The excess add was evaporated off, the residue taken into 
solution with water and boiled for half an hour with an ex¬ 
cess of sodium carbonate. The iron, caldum, and traces of 
aluminium were thus precipitated and sodium vanadate 
remained in solution. The filtrate was made slightly add 
with acetic add, and then ammonia added until just neutral. 
Practically all the vanadic add was precipitated out since the 
solubility of vanadic acid in water is slight. Vanadic add 
obtained in this manner consists of both the yellow and red 
modifications. 

The vanadium pentoxide thus obtained was mixed with 
an equal weight of sugar charcoal, and a dry stream of hydrogen 
was passed over this mixture in a reduction tube heated to 
redness and continued imtil no more moisture was given off. 
Then a current of dry carbon dioxide was substituted for the 
hydrogen, and the tube and contents dried thoroughly by heat- 

1 Phil. Trans., 158, i (1868). 

‘ Zeit. anorg. Chem., 67, 257 (1910). 
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ing to redness for an hour. The receiver, a distilling flask, 
was then sealed on and a stream of dry chlorine was passed 
over the dry mixture of vanadium trioxide and charcoal. 
The reaction took place readily and a practically quantitative 
yiidd was obtained. The condensed product was wine col- 
oi;ed, due to the presence of some vanadium tetrachloride 
formed at the same time as the vanadium oxychloride. 

The crude sample of oxychloride was purified by frac¬ 
tional distillation over metallic sodiiun in an atmosphere 
of carbon dioxide. A series of distilling flasks and three-way 
stopcocks’ were sealed together in such a way that only the 
middle portion of the second distillation was collected in the 
cells. Five cells were filled and sealed off. The purified sam¬ 
ples were colored citron-yeUow with no vanadium tetrachloride 
present, and boiled at 124° to 125 “ under a pressme of 740 mm. 

We also tried the method of Ephraim’ for preparing 
vanadium oxychloride free from tetrachloride by passing dry 
hydrogen chloride over a mixture of vanadium pentoxide 
and phosphorus pentoxide. The latter prevents the decom¬ 
position of the vanadium oxychloride by the water formed 
in the reaction. 'While practically pme vanadium oxychloride 
was obtained, the yield was very small, because the reaction 
mixture caked so badly that only a surface reaction resulted. 
We had difficulty in breaking up the cake without introducing 
moisture which is highly objectionable. The samples used in 
the measurements were all prepared by the method of Roscoe. 

There is only one recorded method for the preparation 
of vanadium oxybromide, ’VOBrj, that of Roscoe,* which in¬ 
volves the same principle as the method for the preparation 
of vanadium oxychloride. 

Considerable difficulty was experienced in preparing this 
compotmd in the pure state. Vanadium oxybromide decom¬ 
poses gradually at ordinary temperature and quite suddenly, 
according to Roscoe, at 180° into a solid vanadium oxydibro- 
mide and free bromine. Most of our failures, however, were 

* Zeit. anorg. Chem., 35, 66 (1903). 

* Ann. Chemie. Pfaarai. Suppl., 8, 99 (1873). 
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caused by traces of moisture in the reaction tube. This dis¬ 
turbing factor was remedied by heating the reaction tube to 
redness for six hours and maintaining a current of dry hydro¬ 
gen followed by a current of carbon dioxide. After the tube 
had cooled somewhat a steady stream of carbon dioxide laden 
with bromine vapor was passed over the mixture in the reac¬ 
tion tube, and vanadium oxybromide was obtained in quan¬ 
tity. The heating of the reaction mixture was conducted 
in a glazed porcelain tube whose ends fitted into glass adaptors 
with asbestos packing, which makes a practically air-tight 
joint. All glass connections were seals. The reaction was 
carried out at considerably below red heat, contrary to Ros- 
coe’s statement that the reaction mixture should be main¬ 
tained at red heat. 

The crude samples of vanadium oxybromide were puri¬ 
fied by distillation under diminished pressme. The boiling 
point at 90 mm pressure was 130°, and 118° at 78 mm. Ros- 
coe gives 130° to 136° at 100 mm pressure. This constant 
and the specific gravity are the only physical constants of 
the compound recorded in the literature. The samples 
used for the measurements were beautiful ruby-red, mobile, 
transparent liquids having very much the appearance of 
bromine with the exception of transparency. 

The freezing point of vanadium oxybromide lies between 
—58° and —60°, which was determined by noting the tem- 
peratme at which the compound previously solidified with 
liquid air melted as the temperature of a mixture of alcohol 
and liquid air in a Dewar tube gradually rose. The tempera- 
tme readings were made with a standardized pentane ther¬ 
mometer. An attempt to solidify the liquid enclosed in a 
sealed tube by immersing it in a mixture of carbon dioxide 
snow and ether for fully five minutes failed. As the tempera¬ 
ture of the Thilorier mixture is —79° it appears that the liquid 
can be greatly supercooled. 

The samples of vanadium tetrachloride wa-e prepared 
by the method of Mertes.* According to this method dry 

* Jour. Am. Chem. Soc., 35, 671 (1913). 
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chlorine is passed over ferro-vanadium heated in a combus¬ 
tion tube in a furnace. The product contains some ferric 
chloride from which pure samples of vanadium tetrachloride 
were obtained by fractioning the liquid twice and distilling 
the middle portion directly into the measuring cells. The 
samples obtained were dark red, somewhat viscous and 
opaque. The boiling point was found to be 150° to 153° 
under a pressure of 742 mm. 

Results .—^The values obtained for the dielectric constants 
at different temperatures are given in the following table: 


Compound 


Vanadium oxychloride, 
VOCI3 


Vanadium oxybromide, 
VOBr, 


Vanadium tetrachloride 


No of 

Tempera* 

D. C. 

Temperature 

sample 

ture 

coefficient 

I 

21 

3-44 


2 

21 

3-47 


3 

21 

3-28 


4 

—70 

26 

338 

3-54 

^.03% 

5 

26 

3-35 


1 

I 

20 

370 


2 

0 0 

438 

3 60 

-0.2% 

3 

—2 

26 

3-93 

3-57 

— 0 - 3 % 

4 

26 

3-6i 


I 

25 

3 07 


2 

25 

3 03 



The average of the values found for the dielectric con¬ 
stant of vanadium oxychloride at room temperatiure is 3.42, 
that of vanadium oxybromide is 3.62, and that of vanadium 
tetrachloride is 3.05. It is seen that the dielectric constants 
of these compounds are relatively low, and hence according 
to the Nemst-Thomson rule the disso ciating power of these 
liquids when used as solvents should be very small. Experi¬ 
ments on the solvent and disso ciating power of these com¬ 
pounds have not been made. The electrical conductivity 
of the liquids is very low. 


Chemical Laboratory, 
University of Missouri 





A STUDY OF THE TERNARY SYSTEM; CARBON 
. TETRACHLORIDE, ALCOHOL AND WATER 

BY HARRY A. CURTIS AND ESBON Y. TiTUS 

Introduction 

Carbon tetrachloride and alcohol are miscible in all 
proportions, as are also alcohol and water. Water and car- 
bonftetrachloride, however, dissolve in each other only in 
very,'small amounts. A mixture of the three liquids forms 
either one or two layers, depending upon the relative propor- 
tionsTof the three components present and upon the tempera- 
ture.l|ilf the ternary system be represented in the usual way, 
Fig. I ,fthere will be a certain region, that shaded in the figure, 

within which two layers will 
exist, all mixtures not repre¬ 
sented by points within the 
shaded area forming but one 
liquid phase. Since the mu¬ 
tual solubility of liquids is, 
in most cases, increased by 
increasing the temperature, 
the critical solubility curve, 
C2H5OH a b c, will approach the 

’ CCI4-H2O line as the tem¬ 

perature is raised. If temperatures be represented in a 
direction at right angles to the plane of the triangle the 
equilibrium between the one and two phase systems will 
be represented by a surface sloping toward one side of 
the right prism. The first part of the present paper locates 
the curve abc for the isotherm 19.75°, ^Iso locates 
several lines in the critical temperature surface from which 
the shape of the surface may be inferred. The second part 
■of the paper contains a study of the density and index of re¬ 
fraction of various homogeneous mixtures of the three com¬ 
ponents. It was at first thought that sufficient data concern¬ 
ing density and refractive index could be gathered to make 
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possibly the analysis of any homogeneous mncture of carbon 
tetrachloride, alcohol and water by simply determining the 
value of these two properties for the unknown mixture. As 
the work progressed, however, it became evident that even 
after the immense amount of necessary data had been ob¬ 
tained, the problem would still remain indeterminate for cer¬ 
tain mixtures, as will be shown later. These measurements 
were therefore discontinued after sufficient data had been 
taken to show the change in density and index of refraction 
for any given change in composition of the system. 

Chemicals Used 

The alcohol was prepared from the laboratory supply 
of absolute alcohol. This was further dehydrated for two 
weeks with anhydrous copper sulphate and twice distilled, 
the middle fraction of the distillate being taken each time. 
Kahlbaum’s carbon tetrachloride was used. It was first 
distilled, the middle portion allowed to stand over fused potas¬ 
sium hydroxide for a week, and then redistilled. The part 
used all distilled over within less than one-tenth degree range. 
The water used was distilled. 

Critical Solubility Data 

The critical solubility curve a b c for the 19.75° iso¬ 
therm was determined as follows: Six different mixtures 
of carbon tetrachloride and water were made up, the amounts 
of each component being accurately weighed. These mix- 
ttues were placed in large test tubes and brought to 19.75° 
in a glass thermostat. Alcohol was then added from a weight 
burette to each mixture in turn, the mixture being vigorously 
stirred meanwhile, until the critical point was reached. At 
the critical point the mixture becomes homogeneous. The 
various critical concentrations are recorded in Table I, and 
the results are shown graphically in Fig. II. The points in 
Fig. II marked thus: © were obtained by interpolation for 
19-75° fro® Fig- III. It is not to be expected that these 
points are as accurately located as those determined for the 
isotherm. 
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Percent CCI4 

Table I 

Temperature 19.75® 

Percent C2H6OH ' 

Percent HaO 

25.46 

50.50 i 

24.04 

41.94 

4319 

14.87 

17.00 

51-95 ! 

31 05 

33 07 

47.68 1 

19.25 

10.53 

50.97 

38.50 

14.02 

51 56 

34-42 



Fig. ri 


The curve ah c intersects the CCI4-H2O side of the tri¬ 
angle very near the comers, water and carbon tetrachloride 
being almost immiscible. Rex* gives the solubility of car¬ 
bon tetrachloride in wato as 0.8 g per liter at 20®. This 
value must be considered as only an approximation, however, 
since his method did not take into account the solubility of 
water in carbon tetrachloride. 

The effect of temperature on the mutual solubility of 


1 Zeit. phys. Chem., 55, 355 (1906). 
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the components, i. e., the shape of the critical solubility 
surface, was studied as follows: To a known mixture of 
two of the components, the third component was added in 
small amounts from a weight burette until, on lowering the 
temperature, separation into two layers occurred. The 
dritical solubility temperature of this mixture was then de- 
tMmined by raising and lowering the temperatiue through 
the critical point several times. A further amount of the 
third component was then added and the critical solubility 
temperature again determined. These operations were con¬ 
tinued until, at the higher temperatures, the volatility of the 
carbon tetrachloride prevented further accurate measure¬ 
ments. 

It is evident that all the concentrations in this series 
lie in a straight line drawn from that point on the side of the 
triangle which represents the original binary mixture to that 
comer of the triangle which represents the third component, 
such a line as I in Fig. II. 

Consider a plane containing this line and standing at 
right angles to the plane of the triangle; the various critical 
solution temperatiues plotted against the corresponding 
amounts of the third component wiU give a curve lying in 
this plane and representing the intersection of the plane 

Table II 

I II 


Ratio CCh/CjHsOH = 0.5048 Ratio CCU/CiHgOH = 1.0646 


Percent H2O 

Grit. sol. temp. 

Percent H2O 

Grit. sol. temp 

24*25 

—1.8® 

12.47 

2.03® 

24.61 

+ 3-6 

13-95 

23*9 

25*13 

10.6 

14*45 

29.8 

25.64 

17.0 

14.85 

35-4 

26.14 

24-5 

15-3 

39-55 

26.59 

28.55 

15-67 

42.75 

2715 

31-45 

16.02 

45-5 

27.71 

32.75^ 



28.52 1 

35 - 5 * 

1 



• Not accurate: CCL distilling off. 
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Tablb II— (Continued) 

III IV 

Ratio CCl4/C*H60H = 2.1012 Ratio CCU/HiO = 1.0922 



Fig. HI 


with the critical solubility surface. By determining several 
of these intersection cmwes, beginning with different binary 
mixtures, the general shape of the critical solubility surface 
may be inferred. In Fig. II, the lines I, II, III and IV repre¬ 
sent the various series of ternary mixtures used. Table II 
gives the various critical solubility temperatures and the 
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corresponding compositions, while Fig. Ill shows graph¬ 
ically the intersections of the planes containing the lines I, 
II, III and IV of Fig. II with the critical solubility surface. 
It will be noted that the percentages of water and of alcohol 
in Fig. Ill are plotted on a very much larger scale than is 
used in the triangle. This was done in order to show more 
clearly the effect of temperature on solubility. The critical 
solubility surface rises very abruptly from the triangle, i. e., 
temperature has very little effect on the mutual solubility 
of the three components. 

Refractive Index and Density 
The determination of refractive index and density were 
naturally limited to such ternary mixtures as form but one 
liquid phase at the temperature used, i. e., to such mixtures 
as would be represented by points lying within the unshaded 
area of Fig. I. Various mixtures of two of the components 
were made, and to each of these in turn varying amounts 
of the third component were added, refractive index and 
density being taken on each ternary mixture thus obtained. 
The compositions of the ternary systems used are shown on 
Curves V, VI, VII, etc., of Fig. IV. Tables III, IV, V, etc.. 


HgO 



Fig. IV 


Carbon Tetrachloride, Alcohol and Water 


745 


Tablb III 

Series V of Fig. IV. Ratio CCU/QHbOH = 0.05086 


Percent CCI4 

Percent CaH*OH 

Percent HjO 

Density 

Index 

4.84 

9516 

0.0 

0.8121 

1-3637 

430 

84.49 

II. 21 

0.8422 

I.3662 

4.17 

82.00 

13-83 

0.8485 

I-3664 

3-86 

75-93 ! 

20.21 

0.8634 

1-3665 

3-57 

70.28 

26.15 

0.8768 

1.3661 

3-05 

59-97 

36.98 

0.9004 

1.3646 

2.71 

53-17 1 

44.12 j 

0.9148 

1-3630 


Table IV 

Series VI of Fig. IV. Ratio CCU/CsHsOH = 0.1096 


Percent CCU 

Percent CaHsOH 

1 

1 Percent H2O 

! 

Density 

Index 

9.88 

90,12 

! 0.0 

0-8339 

1-3665 

8.78 

80.09 

j 11-13 

0.8619 

1-3687 

8.01 

73.06 

18.93 

0.8791 

I.3684 

6,21 

56.60 

37-19 

0.9156 

1-3659 


Table V 

Series VII of Fig. IV. Ratio CCU/CuHsOH = 0.2555 


Percent CCU 

Percent CaHsOH 

Percent H2O 

Density 

Index 

20.35 

79-65 

0.0 

0.8830 

1-3727 

19-45 

76.11 

4-44 

0.8935 

1-3735 

18.78 

73-47 

7-76 

0.9005 

1-3735 

17-38 

68.02 

14.60 

0.9117 . 

1-3732 

15-58 

60.96 

23-46 

0.9259 

I-3719 

15-14 

59.26 

25.60 

0.9315 

1.3711 

14.36 

56.20 

29.44 

0.9371 

1-3705 



Table VI 



Series VIII of Fig. IV. 

Ratio CCI4/C2H6OH ~ 0,4319 

Percent CCI4 

Percent C2H4OH 

Percent H2O 

Density 

Index 

30. i6 

69.84 

0.0 

0.9342 

1.3788 

28.43 

65-83 

5-74 , 

0.9451 

1-3794 

27.27 

63-15 

9-59 

0.9510 

1-3789 

25-79 

59-72 

H -49 

0.9574 

I.3782 

24-45 

56.61 

18.94 

0.9627 

1-3770 

22.84 

52.89 

24.27 

0 9686 

13756 
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Tabi^b VII 

Series IX of Fig. IV. Ratio CCU/C,H,OH - 0.6313 


Percent CQU 

Percent CiHiOH 

Percent HtO 

Density 

Index 

40-35 

59 65 

0.0 

I.0060 

I.3872 

- 37-84 

55-95 

6.22 

1.0114 

1-3855 

35-45 

52.41 

12.14 

I -0153 1 

1-3845 

33-79 

49.96 

16.25 

1.0172 

1-3829 

33-75 

49.90 

16-35 

1.0167 

1.3828 


Table VIII 

Series X of Fig. IV. Ratio CCU/CsHjOH = 0.9600 


Percent CCU 

Percent CaHsOH 

Percent H2O 

Density 

Index 

48.98 

51.02 

0.0 ^ 

1.0594 

1-3936 

45-85 

47.76 

6.39 

1.0614 

1-3917 

43.18 

44.98 

11.84 

I.0619 

1-3895 

42.74 

44-52 

12.74 

I.0605 

1.3888 



Table IX 



Series XI of Fig. IV. 

Ratio CCI4/C2H6OH ~ 1.2381 

Percent CCU 

Percent C-iHsOH 

Percent H2O 

Density 

Index 

55-32 

44.68 

0.0 

I.1093 

I.4000 

52.37 

42.30 

5-33 

I.1076 

1-3978 

49.98 

40 37 

9.64 

_ 

1-3955 



Table X 



Series XII of Fig. IV. 

Ratio CCVCsHsOH = ; 

2.3614 

Percent CCU 

Percent CaHsOH 

Percent H2O 

Density 

Index 

70.25 

29-75 

0.0 

I.2346 

1-4139 

66.92 

28.35 1 

4.71 

X.2246 

I.4118 
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record the values of density and of refractive index for the 
various compositions along the Curves, V, VI, VII, etc., of 
Fig. IV. The densities were taken in a 50 cc pycnometer 
at 19.4° and refer to water at this temperature. The refrac¬ 


tive indices were taken at 
19.4° with an Abbe refracto- 
meter adjusted for the sodium 1.41 
D line. Water from a large 
thermostat was circulated 
constantly through the re- 
fractometer. Each mixture ^ 
was placed for some time in 
the thermostat before trans¬ 
ferring to the refractometer, , 

and it was allowed to stand 
about two minutes in the 
refractometer before taking _g' 

the reading. All thermo- — 

meters used were compared g 

with a “normal” thermo- 
meter standardized by the 
Reichsanstalt. 

If the refractive indices , 

of Table III be plotted 
against the corresponding 
percentages of water, the re- ‘ 

suiting graph, shown in the < 

lowest curve of Fig. V, repre- 

I ”56 

sents the behavior of the re- 
fractive index as water is 
added to a mixture contain- 


10 20 JO 

Ptrceni wafer 


ing carbon tetrachloride and alcohol in the ratio 0.05086 ; i. 
It will be noted that the index passes through a maximum. 

If the densities recorded in Table III be plotted against 
the corresponding amounts of water, the resulting graph, 
shown in the lowest curve of Fig. VI, represents the behavior 
of the density as water is added to a mixture containing carbon 
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tetrachloride and alcohol in the ratio o. 05086 : i. The density 
curve for this series ris^ steadily as water is added. It is ob¬ 
vious that the specific refractions of such ternary mixtures as are 
represented in this series cannot be calculated from the spedfic 
refractions of the components. 

If the refractive indices of Tables III, IV, V, VI, VII, 
VIII, IX and X be plotted against the corresponding amounta 
of water, the curious fact is brought out in Fig. V that the 



Fig. VI 


maximum index of refraction is reached with less and less 
water as mixtures relatively richer in carbon tetrachloride 
are used, xmtil finally, with mixtures contaming initially 
more than about thirty-five percent of carbon tetrachloride, 
the addition of water decreases the refractive index contin¬ 
uously. 

In Fig. VI, the densities recorded in Tables III, IV, V, 
VI, VII, VIII, IX and X are plotted against the correspond¬ 
ing amounts of water. As is to be expected, the addition of 
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water to a mixture rich in alcohol increases the density, while 
the addition of water to a mixture rich in carbon tetrachloride 
decreases the density. It is to be noted, however, that the slope 
of the curve does not pass through zero at the point where tibe 
density of the initial alcohol-carbon tetrachloride mixture is 
unity, but at a point considerably higher than this, showing 
that the volume of the mixture is less than the sum of the vol¬ 
umes of the components. 

Since no data regarding the density or refractive index 
of alcohol-carbon tetrachloride mixtures appear in Landolt 
and Bomstein’s “Tabellen,” Table XI has been prepared 
from measurements taken during the course of the present 
investigation. 

Table XI 


Percent 

ecu 

Percent 

C2H5OH 

1 . 1 

Density 

Index 

100.00 

0.00 

— 

I .4604 ! 

94.60 

5 40 

I 5145 

1.4499 

91-25 

8.75 

— 

1.4440 

90.86 

9.14 

1.4621 

1-4432 

85.60 

14.40 

1-3947 

1-4348 

83-50 

16.50 

— 

I-4319 

78.68 

21.32 

1-3143 

I-4251 

77.04 

22.96 

— 

1-4234 

72.57 

27 -43 

I.2507 

I.4174 

70.25 

29-75 

I,2346 

1-4139 j 

68.98 

31.02 

— 

1-4135 

59-56 

40.44 

— 

1-4031 1 

55-32 

44 • 68 1 

I. 1093 

I.4000 1 


Percent 

CCI4 

Percent 

CaHftOH 

... 

Density 

Index 

48 98 

51 -02 

I 0594 

1-3936 

46.74 

53-26 

— 

1-3918 

40-35 

59-65 

I,0060 

1.3872 

36-74 

63.26 

— 

1.3838 

30.16 

69.84 

0.9342 

1.3788 

24-90 

75-10 

— 

1-3755 

20.35 

79-65 

0.8830 

1-3727 

18.23 

81.77 

— 

1-3717 

9.88 

90.12 

0.8339 

1-3665 

9.16 

90.84 


1.3661 

4.84 

[ 95 -16 

j 0.8121 

1-3637 

3-90 

96.10 

i — 

1-3633 


It was stated in the introduction to this paper that the 
determination of the two physical properties, index of re¬ 
fraction and density, of a ternary mixture does not always 
suffice to determine its composition. The attempt will now 
be made to establish the truth of this statement. 

Consider, in Fig. VII, that the cxuwes C, D, E, F, G and 
H are a series of such index of refraction curves as shown in 
Fig. V. Let the line AB represent the refractive index of the 
carbon tetrachloride-alcohol-water mixture of unknown com- 
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portion. The line AB cuts each of the curves C, D, E, etc., 
in two points. Knowing the ratio of the carbon tetrachlcffide 
to alcohol for each of the lines, C, D, E, etc., and the percent¬ 
age water from the intersection points with AB, there may be 
plotted on the triangular composition diagram a <mrve which 
will obviously represent an infinite number of ternary mix¬ 
tures having the given index of refraction. Since AB cuts 
each of the index curves in two points, the curve on the tri¬ 
angular composition diagram will be of some such shape as 
RST in Fig. VIII. 



Fig. VIII 
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Likewise, suppose that Curves L, M, N, O, P, Q, R, S 
and T axe density curves similar to that plotted in Fig. VI, 
and let the line JK be the density of the unknown mixture. 
On calculating the compositions as before, these may be 
plotted on the triangular composition diagram, and the 
curve thus obtained will represent an infinite number of ter¬ 
nary mixtures having the given density. If the given density 
be that of a binary mixture of carbon tetrachloride and alco¬ 
hol of composition U, Fig. VIII, there will obviously be a 
binary mixture of alcohol and water, say V, having the given 
density, and the line representing the infinite series of ternary 
m ixtures having the given density will connect these two 
points on the sides of the triangle. Such a line may cut the 
index line in two points, such as p and p', each of which 
represents a ternary mixtxure having both the density and re¬ 
fractive index of the unknown mixture. 

Summary 

The following data regarding the ternary system carbon 
tetrachloride, silcohol, and water have been secured in this 
investigation: 

1. The equilibrium line between the one-liquid phase 
and two-liquid phase systems has been located on the composi¬ 
tion diagram for the temperature 19.75° C. 

2. The general shape of the critical solubility surface 
in the composition-temperature prism has been determined 
ova- a range of about 50°. 

It has been found that this surface rises abruptly from 
isotherm to isotherm, i. e., temperature has but little effect 
on the mutual solubility of the three components. 

3. The index of refraction has been determined for eight 
series of homogeneous ternary mixtures. It has been found 
that as water is added to a mixture of carbon tetrachloride 
and alcohol rich in alcohol, the index of refraction at first 
increases and then decreases. As mixtures richer in carbon 
tetrachloride are used, the maximum refractive index is'reached 
with less and less water, until finally, with mixtures contain- 
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ing initially more than about 35% of carbon tetrachloride, 
the addition of water causes the refractive index to decrease 
continually. 

4. The densities have been determined for eight series 
of homogeneous mixtures. It has been found that the addi¬ 
tion of water to a carbon tetrachloride-alcohol mixture rich 
in alcohol increases the density uniformly, while the addition 
of water to a mixture rich in carbon tetrachloride lowers the 
density, as is to be expected. The slope of the density curve 
does not change sign, however, at the point where the density 
of the intial carbon tetrachloride-alcohol mixtxu-e is unity, 
but at a point somewhat higher than this, showing that the 
volume of the ternary mixture is less than the sum of the 
volumes of the components. 

5. It has been fotmd that the determination of two of 
the physical properties of a ternary mixture does not always 
fix its composition. 

Physical Chemistry Laboratory, 

University of Colorado, 

Botdder, Colorado, 

May, igis 



THE ELECTRICAL CONDUCTIVITY OF CERTAIN 
SALTS IN PYRIDINE 

BY EDWARD X. ANDERSON 

Introdnotion 

Thus far little work of a systematic nature has been 
done on the electrical conductivity of salts in pyridine, and 
this has been limited in every case to one temperature and to 
the more dilute solutions. Laszczynski and Gorski' inves¬ 
tigated the conductivity of pyridine solutions containing 
lithium chloride, and the iodides and thiocyanates of potas¬ 
sium, sodium and ammonium, all measmements being made 
at 18°. They found that the equivalent tmrves showed 
sufficient convergence to render possible the calculation of 
by extrapolation, where 1 ^^ represents the equivalent elec¬ 
trical conductivity of the solutions at infinite ^ution. The 
maximum values of the equivalent conductivity lie between 
40 and 46, and they are, therefore, as large as the values ob¬ 
tained, using ethyl alcohol as a solvent. Lithium chloride 
showed scarcely any dissociation. Lincoln“ found that various 
inorganic salts yielded conducting solutions in p)Tidine, but 
values for are rarely encountered. Dutoit and Duper- 
thuis® determined the conductivities of pyridine solutions 
containing potassium iodide, potassium thiocyanate and 
sodium thiocyanate, for dilutions ranging from 1,000 to 
20,000 liters per gram-mole of salt. Within these hmits 
Ostwald’s dilution law applies in most cases, thus rendering 
it possible to calculate the degree of dissociation at any given 
dilution. 

Jones and West* studied the temperature coefficients 
of conductivity in aqueous solutions and the effect of tem¬ 
perature on dissociation. In their work the following rela- 

* Zeit. Elektrochemie, 4, 290-293 (1897). 

* Jour. Phys. Chem., 3, 437-484 (1899). 

* Jour. chim. phys., 6, 699-725 (1909). 

‘ Am. Chem. Jour., 34, 357 (1905): 35 . 445 (1906)- 
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tions were found to exist: a rise ijn temperature, ranging from 
o° to 35° produces a large increase in conductivity due to an 
increase in ionic mobility. This last effect results from a 
reduction in viscosity and a simplification of complexes. 
For any given electrolyte the temperature coefficients of con¬ 
ductivity increase with increasing dilution; with different 
electrol)d;es this increase is greatest for those electrolytes 
with large hydrating power. Voellmer^ found that the 
temperattne coefficients of electrical conductivity increased 
with rising dilution for solutions of lithium chloride, and the 
acetates and iodides of potassium and sodium in methyl 
alcohol, and also for the solutions of sodium chloride, calcium 
chloride, silver nitrate and calcium nitrate in ethyl alcohol. 
The molecular conductivities of various concentrations of 
the chlorides of nickel, manganese and cobalt in methyl alco¬ 
hol, ethyl alcohol and acetone, between o° and 45°, were 
studied by Rimbach and Weitzel.^ In contrast with the 
near constancy of the temperature coefficients on dilution in 
aqueous solutions, they foimd that in organic solvents the 
temperature coefficients increase, as a rule, with increasing 
dilution. An examination of the work of Jones and Clover,* 
and of Jones and West,’ however, shows that the tempera- 
tm-e coefficients of conductivity in aqueous solutions do in¬ 
crease with increase in dilution and in most cases the increase 
is quite pronounced. 

The results obtained and the conclusions made by the 
above investigators will be considered more fully in the dis¬ 
cussion of the present work. 

Pyridine, like water, has the power of combining with 
salts to form crystalline solids with pyridine of crystalliza¬ 
tion. This being the case, according to the law of mass ac¬ 
tion, one should expect these salts to combine with a much 
larger amount of pyridine when in solution in this solvent. 

' Wied. Ann., 52, 328 (1894). 

» Zeit. phys. Chem.. 79, 279 (1912). 

* Am. Chem. Jour., 43, 187 (1910). 

* Loc. cit. 
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Further, as in the case of hydrates, one should expect the 
complexity of these ionic “p)rridinates” to be greatest in the 
most dilute splutions, and also that the complexity of the 
solvate at any given dilution should decrease with rise in 
temperature. This is based on the general law that, the 
stability of complexes decreases with the rise in temperature. 
Since p)Tidine tends to form these “pyridinates,” interesting 
results might well be expected which, in a certain sense, are 
parallel to those obtained in aqueous solutions. 

It was, therefore, thought worth while to make a care¬ 
ful, systematic study of the conductivity of solutions of 
various salts in pyridine at different temperatures and over 
as wide a range of concentrations as the experimental condi¬ 
tions would permit. 

Experimental 

For measuring the conductivity the well known Kohl- 
rausch method, consisting of the Wheatstone bridge, induc¬ 
tion coil and telephone receiver, was used. The resistance 
boxes were certified by the Reichsanstalt and the Bureau of 
Standards. 

The conductivity cells, three in number, were of the 
type first used by Jones and Lindsay.* These were pro¬ 
vided with ground glass stoppers and sealed-in electrodes. 
A 0.02 N potassium chloride solution was used, in determining 
the cell constants. The “chemically pure” potassium chlor¬ 
ide was recrystallized from conductivity water and carefully 
dried by heating for some time at a dull red heat and then 
cooled in a desiccator. The salt was then dissolved in con¬ 
ductivity water prepared by the method of Jones and Mackay.* 
This water had a specific conductance of i .5*io~® r. o. at 25°. 
The specific conductances of the 0.02 N potassium chloride 
at 0° and 25° were taken as 0.001522 and 0.002768, respec¬ 
tively.® The cell constants thus determined were then 
checked against 0.002 N potassium chloride. One set of 

^ Zeit. pbys. Chern,, 56, 129 (1906). 

* Am. Chem. Jour., 19,90 (1897). 

* Ostwald-Luther: Messungen, third ed., 474. 
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constants used for the three cells were 0.0438, 0.3176 and 
0.3985, respectively, and the values of k for 9.002 N potas¬ 
sium chloride checked to within 0.3 percent. 

“Chemically pure” pyridine was allowed to stand over 
fused caustic potash for several months. It was then de¬ 
canted and distilled. The fraction passing over between 
115° and ii6.i° at 74.5 cms was collected, the first and last 
portions being rejected. The specific conductance at 0° 
was found to be o.057'io~'' r. o., at 25®, o.74-io~^ and at 50°, 
i .2-io~l Lincoln* found the specific conductance of this 
pyridine to be 7.6- io“^ at 25’, a much larger value. 

Unless otherwise indicated, it will be understood that 
Kahlbaum’s best grade “C. P.” chemicals were used. After 
complete dehydration, by methods to be mentioned later, 
the salts were preserved in tightly stoppered weighing bottles 
over phosphorus pentoxide. Trial solubility tests were made 
to determine approximately the amount of each salt required 
for saturation at room temperature. Those salts which do 
not show hygroscopic properties were weighed out directly 
and the exact amounts required for a normality ccmveniently 
close to that of complete saturation was taken, but for those 
salts which tend to absorb moisture the method of weighing 
by difference was used. In diluting the mother solutions 
every possible care was taken to prevent contact with mois¬ 
ture. Suction was applied directly to the pipette through a 
calcium chloride drying tube. 

AU the solutions were prepared at room temperatures, 
2i®-22°, and transferred to tightly fitting glass-stoppered 
bottles. The conductivity measurements were made as soon 
after preparation as possible. 

The capacities of the 25° and 50® baths used were 20 
and 16 liters, respectively. They were heated by means of 
immersed electric lights, which were automatically operated 
by means of a contact toluol regulator and relay system. 
Stirrers, propelled by a small motor, were used to agitate the 


‘ Jour. Phys. Chem., 3, 457 (1899). 
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water vigorously and thereby maintain a uniform tempera¬ 
ture throughout the baths. By this means both tempera¬ 
tures were automatically kept at 25° 0.02 and 50° 0.05. 

A mixture of well washed, finely crushed ice moistened with 
distilled water was used for the 0° bath. The order of tem¬ 
peratures followed for the conductivity measurements was 
25°, o® and 50°. The temperature 25° was selected as the 
initial, because the solutions were made up at room tempera¬ 
ture. Thermal equilibrium would, therefore, be more quickly 
attained at this temperature than at either of the others. 
The temperature 0° was selected as the second in order to 
permit of the minimum change in the concentration of the 
solutions by condensation of pyridine on the inside wall of 
the cells. If the cells had been immersed in the 50° bath 
before being subjected to a temperature of 0°, there would 
be more pyridine condensed on the cell walls than if the 
25“ immediately preceded the 0° bath. Forty minutes were 
found to be sufficient for establishing thermal equilibrium, 
because by trial experiments the conductivity was found to 
remain constant after this amount of time had elapsed. 

Silver Nitrate .—^The pure crystals were pulverized and 
kept in the dark over phosphorus pentoxide for several days. 
This salt dissolves in pyridine with a considerable evolution 
of heat, probably due to the formation of AgNOa-zPyr, or 
AgNOj"3P)T, both of which have been found capable of 
existing in the solid phase.' Kahlenberg and Brewer* found 
AgNOi*3P)nr to be stable between —24° and -4-48. 5°, where 
it changes to AgNOj-zPyr. Below —24° the compound 
AgNO»*6Pyr is the stable form. 

In the following data V denotes the volume of the solu¬ 
tion in liters containing one gram-equivalent weight of the 
salt, lo, hi and 4o represent the equivalent conductivities 
of the various solutions at o®, 25® and 50®, respectively. 
The temperature coefficients are headed by the letters A, B 
and C wfi^re 

^ Reitzenstein: l^iebig's Aim., 267 (1894). 

* Jour. Phys. Chem., za, 283 (1908). 
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A - ^ZZh^ B = ^ 52 ^ and C - ^ 22 ^®. 

/o«as 4 s-25 »*50 

In the curves which follow, the cube roots of the volumes 
in cubic centimeters are plotted as abscissae, against the 
equivalent conductivity I as ordinates. Ba<di space along 
the abscissa is equal to 2.5 units after the root is extracted. 
Every space along the ordinate is equal to 10 units after the 
equivalent conductivity is multiplied by the factor, which 
will be specified in each case. This factor is used in order 
to magnify the trend of the curves. It must also be remem¬ 
bered that any errors are likewise highly magnified. 

Table I 


V 

1 /o 

la 

j /•o 

I 

i 105 

1-53 

j 2.01 

2 

H -77 

1938 

1 23.28 

10 

20,68 

25-38 

i 27.25 

20 

' 22.38 

27 05 

; 29.17 

100 

27.80 

34 49 

37-92 

500 

37-31 

47-63 

55 10 


Table 

II 


V 

! ‘ 1 

1 A 1 

1 I 

B 

C 

I 

t 

0.0149 

_ 

O.OI 2 I 

0.0183 

2 

0.0125 ' 

0.0081 

0.0115 

10 

0.0091 i 

0.0029 

0.0064 

20 I 

0.0084 1 

0.0031 

0.0061 

100 

i 

0 0096 

0.0040 

0,0073 

500 f 

o.oin 1 

0.0063 

0.0095 

From Fig. I it will be seen that, with dilution the equiva- 


lent conductivity of silver nitrate increases at first very rapidly 
and then less rapidly with further dilution for all three tem¬ 
peratures. They do not appear to approach maximum values. 
Tlie values for 4 here given agree very closely with those 
given by Lincoln^ for the same salt at 25“. The tempera- 


* Loc. cit. 
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ture coeffidents (Table II) show distinct minima, decreasing 
at first very rapidly and then increasing very slowly on further 
dilution. Although solutions of silver nitrate in pyridine 
possess a relatively high molecular conductivity, Walden 
and Centnerszwer* found that the molecular wdghts of sil¬ 
ver nitrate in dilute pyridine solutions are normal, while 



in concentrated solutions (o.iiV to 1.0 N) the molecular 
wdghts are greater than normal, thus indicating assodation. 
By the same method Schmuilow® found that this salt is ap¬ 
parently non-ionized. Since transference measurements made 
by*^Neustadt and Abegg* showed that both Ag+ ions and NO3 
radide migrated toward the cathode, they assumed that, if 
ionization does take place, it does so according to the ex¬ 
pression 

(i) _(AgNO,), Agi+NO, + NO,-. 

* Zeit. phys. Chem., 55, 321 (1906). 

* Zeit. anorg. Chem., iS> 18 (1897). 

* Zeit. phys. Chem.. 69, 486 (1910). 
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That simple^Ag+ ions are also presait to a slight extent is 
not to be doubted, and, therefore, the more complete equi¬ 
librium may be represented by the following equation: 

(2) 2Ag+ + 2N03-±;:2AgN0afl^:(AgN03)4:r:^:Ag*+N0, + NOa". 

Lithium Chloride .—The sample was heated at 120° for. 
several days, with frequent pulverizing in a hot agate mor¬ 
tar until the tendency to cake ceased. The dry, finely pow¬ 
dered salt was preserved in a tightly stoppered weighing 
bottle. 

Lithium chloride dissolves in pyridine with a evolu¬ 
tion of heat; it separates from solution as LiCl-2Pyr.‘ 

Table III 


V 

/o 

i lu 

1.. 

• 4 o 

0.59 

0.143 

i 

! 0.199 

i 0.239 

1.00 

0.218 

! 0-264 

0 282 

2 .CX) 

0 254 

0.290 

1 0.299 

10.00 

0 279 

: 0.322 

1 0.346 

100.00 

0.519 

0.573 

; 0.613 

1000.00 

1.47 

1.60 

i 1.68 


Table IV 


V 

! * 

B 

C 

0-59 

I 1 

o.oi6o 

0.0079 

0.0135 

1.00 

0.0083 

0.0028 

0.0058 

2.00 ! 

0.0056 

0.0012 

0.0035 

10.00 

0.0061 

0.0030 

0.0047 

100.00 

0.0041 

0.0028 

0.0036 

1000.00 

0.0037 

0.0020 

0.0029 


An examination of Table III and Fig. II shows that 
lithium chloride is at best a very poor conductor and is but 
slightly dissociated at all concentrations and temp^-atures. 
The equivalent conductivities do, however, show a rapid 
increase at first, and then very slight and finally more rapidly,, 
with increasing dilution. The values found by Laszcz3mski. 
and Gorski^ for t he same solutions are about four times as. 

‘Laszasynski: Ber. deutsch. chem. Ges., 27, 2285 (1894). 

* Loc. cit. 
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large, due, perhaps, to the presence of a slight trace of mois¬ 
ture. Increasing dilution has a marked intitial effect on the 


■ 

■ 

■ 


1 

i 

■ 

■ 

■ 

1 


Fig. II 


temperature coefficients (Table IV), the latter passing through 
a minimum. 

Lithium Bromide .—^The anhydrous salt was prepared 
in a manner similar to that used for lithium chloride. 

Table V 


V 

/o 

In 

In 

0.98 

— 

1.29 

1.65 

2.00 

0.98* 

1.72 

1.98 

10.00 

2.29 

2.44 

2 .40 

100.00 

5-43 

5-34 

4.89 

1000.00 

13 68 

14 15 

13.58 

10,000.00 

24.8 

28.7 

i *9.9 

GO 

(28.5) 

(36- 3 ) 

1 (49.0) 


Table VI 


V 

A ! 

1 

B 1 

_____i 

c 

0.98 

j 

0.0109 

— 

2.00 

0.0298* i 

0.0061 

0.0202 

10.00 

0.0026 5 

—0,0006 

0.0009 

100.00 

-0.0007 ; 

—0.0034 

—0.0020 

1000.00 

0,0013 i 

—0.0016 

—0.0001 

10,000.00 

0.0063 

0.0017 

0.0041 


A glance at Fig. Ill reveals the fact that the equivalent 
conductivity of litUum bromide increases steadily with in¬ 
creasing dilutions, but not at every dilution with a rise in 
temperature,' there being in some cases a decrease in conduc- 


‘ Solidified. 
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tivity iRith a rise in temperature. • The values for at o®, 
25“ and 50° were extrapolated and found to be 28.5, 36.3 
and 49.0, respectively. The near proximity of the curves 
signifies that a change in temperature has little effect on the 
conductivity, there being a slight increase in this effect in 



the more dilute solutions. The values for the temperature 
coefficients (Table VI) decrease, at first, with increasing 
dilution. This decrease is quite rapid in the more concen¬ 
trated solutions, passing through minima of negative values 
and then finally increasing at an almost constant rate. 

Lithium Iodide .—The salt was carefully dehydrated by 
constant heating for several days and nights. 

Table VII 


V 

io 

4 . 

- 

ho 

1.0 

4.40 

7.04 

9.82 

2.0 

7*79 

10.98 

13.82 

10.0 

12.76 

16.40 

1 18.62 

100.0 

i 8-34 

23 -35 

1 25 98 

1000.0 

27.10 

35-99 

! 42.65 

10,000.0 

31*2 

44-4 

1 50.5 

00 

(31-2) 

(44-9) 

' (50- 5 ) 


Table VIII 


V 

A 

B 

1 

1 C 

1.0 

1 

0.0224 

0.0158 

0,0246 

2.0 

0.0164 

0.0103 

0.0155 

10.0 

0.0114 

0.0054 

0.0092 

106.0 

0.0109 

0.604s 

0.0083 

IOOO4O 

0.0131 

‘ 0.0074? 

O.OH5 

10,000.0 

0.0169 

0.0055 

, 0.0x24 

00 

(0.0180) 1 

(0.0050) 

(0.0x24) 
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From Fig. IV it is observed that lithium iodide is a good 
conductor. The conductivity increases quite rapidly at 
the outset, but continuously increases at a decreasing rate 
and soon attains maximum values. The o® and 50° curves 
appear to be asymptotic at a dilution of ten ^ousand liters; 
the values for 1, which were actually obtained at this dilu¬ 
tion are, therefore, taken as those for l^ and are 31.2 and 



50.5, respectively. By extrapolation the value for /oo at 
25° is found to be 44.9. The temperature coefficients fall 
exceedingly rapidly to minima and then increase very slowly 
with increasing dilution. 

Sodium Iodide .—The finely powdered salt was thoroughly 
dried at a temperature slightly exceeding 100°. This sub¬ 
stance dissolves in pyridine with considerable evolution 
of heat. 

Table IX 


V ; 

^0 

Itb 

ho 

i ‘33 

i O.II^ 

0.70 

0.84 

500 

1 10.00 

11.14 

11.20 

10,00 

1 14*56 

16.15 

15,80 

100.00 

21.66 

23 • 81 

22.87 

1000.00 

32.99 

39-53 

41.28 

10^000.00 

42.20 

56.70 

63.20 


^ Solid present. 
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Table X 


V 

A 

B 

C 

1*33 

0.2084^ 

0.0076 

0.1279* 

5.00 

0.0046 

0.0002 

0.0024 

10.00 

0.0044 

—0.0009 

0.0017 

100.00 

0.0040 

—0.0016 

O.OOII 

1000.00 

0.0079 

.0.0018 

0.0050 

10,000.00 

• 0.0137 

0.0046 

0.0099 


An examination of Table IX and Fig. V reveals the fact 
that I, follows the same general trend as the preceding curves; 
again, the values of 4 increase on’dilution most rapidly in 
the concentrated solutions. By extrapolation was found 
to be 43.3 at 0°. Laszczynski and Gorsld* obtained 44.32 
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for the value of at 18°. Vos 25° and 50°, however, max¬ 
imum values could not be obtained by extrapolation. At 
these temperatures the equivalent conductivities continue 
to increase with dilution more rapidly than at 0°. 

The temperature coefficients show well marked minima. 


^ Solid phase present. 
• Loc. cit. 
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Here, again, negative values appear for temperatures be¬ 
tween 25“ and 50°. 

Potassium Thiocyanate. —^The sample used was crys¬ 
tallized from absolute alcohol, washed with absolute alcohol, 
and dried at 95°. This salt differs from the others studied 
in that its solubility in pyridine decreases as the tempera¬ 
ture rises. 

Table XI 


V > 

. f 

h 

; ^ ' 

... - . . 1 

ho 

7.0 i 

5 97 

7.12 

7-75 

14.0 

7.20 

8.45 , 

9,00 

70.0 1 

11.40 

13-36 

14 54 

140.0 

14.17 

16.77 

18.14 

1400.0 

27.32 

33-70 

38-31 

i4,o(x>.o ; 

42.86 

58-51 

71 30 


Table XII 


V 

A 

B , 

C 

7.0 

0.0077 

0 0(\^5 

0.0060 

14.0 

0. fx>69 

0.0026 

0. cx)5o 

70.0 

0.0070 

o.cx)35 

0.0055 

140.0 

0.0073 

0 0033 

0 0056 

1400.0 

0. (K )93 

0 oc\S 5 

0.0081 

14,000.0 

0.0146 

0. ck)87 

0.0133 


Referring to Fig. VI, it is obvious that the equivalent 
conductivity of potassium thiocyanate increases at a more 
constant rate than most of the conductivities of the pre¬ 
ceding salts. By extrapolation 46.5 is obtained for the value 
of l^ at 0°. Taszczynski and Gorski’ give values in fan- 
agreement with the above, tabulated, comparisons being made 
at 18®. They did not obtain a value for inasmuch as the 
dilutions at which they worked did not exceed 2870.4 liters. 
However, the data which they give show that the conduc¬ 
tivity is approaching a maximum value. The temperature 
coefficients exhibit slight minima. In aqueous solutions 


‘ Loc. dt. 
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the effect of dilution upon the temperature coefficients id 
^greatest in the most dilute solutions, as we ^ould expect. 



0 1 

2 3 4 

5 6 7 

a 


Fig. VI 


Ammonium 

Thiocyanate,— 

-The anhydrous salt was pre- 

pared in the same manner as 

the potassium thiocyanate. 


Table XIII 


V 

1 U 

/u { 

1 hu 

0.33 

j 2.10 

4.46 

7.43 

I.OO 

1 8.21 

11.70 

15.12 

2 .OO 

1 10-45 

13.76 

16.53 

10.00 

1 II 96 

14.56 

16.29 

100.00 

17.00 

20.33 

22.18 

1000.00 

' ' 33.57 

41.80 i 

47 76 


Table XIV 


, -"■-l 

A 

1 

B 

C 

0.33 ! 

0.0451 

0.0266 

0.0508 

1 .OO 1 

0,0170 

0.0117 

0.0169 

2.00 i 

0.0127 

0.0081 

o.ou6 

10.00 

0.0087 

0.0048 

0.0072 

100.00 

0.0078 

0.0036 

0.0061 

1000.00 

0.0098 

0.0057 

i 0.0085 
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Frcmi Fig. VII it will be observed that the equivalent 
ctmductivity of ammonium thiocyanate behaves some\diat 
peculiarly, when compared with the previous curves. The 
conductivity curves rise rapidly at first and then approximate 
parallelism with the volume axis in the more concentrated 
solutions, and then increase again with increasing dilution. 
The values for given in the above table are somewhat 
larger than those given by Laszczynski and Gorski. They 
carried the dilution out to 2080 liters and were able to cal¬ 
culate the values for l^, which they give as 40.22. In the 
above curves it may be clearly seen that the 0° curve gives 
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promise of a maximum value for but the 25° and 50° 
cirrves show practically no signs of such a tendency. In 
connection with the strange conduct of the curves in the 
vicinity of concentrated solutions, it may be pointed out 
that the temperature coefficients show equally striking changes, 
dropping suddenly to minima, and then increasing very slowly 
in ^e dilute solutions. 

A relation, exactly analogous to that of the conduc¬ 
tivity values shown above, was observed by Franklin* for 
ammonium thiocyanate and tetramethylammonium iodide 
in liquid sulphur dioxide. The conductivity curves of tetra- 

' Jour. Hjys. Chem., 15, 675-97 (1911). 
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methylammoiiimn iodide in liqtdd sulphur dioxide are almost 
indentical in form with those here represented for ammonium 
thiocyanate in pyridine, while those for ammonium thiocyanate 
in the same solvent are not very unlike those obtained in 
.pyridine. Upon passing from the most concentrated solu¬ 
tions to the most dilute, Franklin found that the molecular 
conductivity first increases to a maximum, then falls to a 
minimum value, and finally approaches the usual maximum 
on further dilution. He explained these results by assuming 
that the dissociated salt is auto-ionized in the concentrated 
solutions and that this effect decreases with dilutions. On 
the other hand, the decrease in viscosity with dilution causes 
a rise in ionic mobility. These two effects balance each 
other at the first mentioned maximum. On further dilution 
the auto-ionization disappears and the conductivity from 
then on is due to the dissociating power of the solvent. Con¬ 
centrated solutions of ammonium thiocyanate in pyridine 
are very viscous; the same is true of a concentrated solution 
of ammonium thiocyanate in liquid sulphur dioxide.* The 
initial rapid increase in the equivalent conductivities and de¬ 
crease in temperature coefficients are undoubtedly chiefly 
due to a rapid decrease in viscosity with slight change in 
dilution. It is a singular fact that Franklin* found the min¬ 
imum temperature coefficient of conductivity to exist in the 
solutions of intermediate dilution, where the minimum con¬ 
ductivity was also found. This is in accord with the results 
here given for ammonium thiocyanate in pyridine. On the 
other hand, for sulphur dioxide the minimtun value of the 
equivalent conductivity is displaced toward the region of 
greater dilution, with rising temperature, but this is not so 
for solutions of the same salt in pyridine. It seems, there¬ 
fore, that the disturbing influences acting on ammonium 
thiocyanate when dissolved in liquid sulphur dioxide are, 
at least in some measure, at work in pyridine. 

‘ Franklin; Loc. dt. 

• Ix)c. dt. 
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Mercuric Chloride .—sample used was recrystallized 
from conductivity water and thoroughly dried at 100“-105 
Lang' and Reitzenstein^ have studied the compotmd 
HgClt • and the formation of HgClj • zPyr has been in¬ 
vestigated by Pesd.® McBride^ determined the tempera¬ 
ture-solubility curve for mercuric chloride in pyridine at 
temperatures ranging from —33° to +145° and proved the 
existence of the three compounds, HgCl2*2Pyr, HgCL'Pyr 
and 3HgCl2 • aPyr. 

Table XV 


V 


h ; 


ha 

0.5 

! 

\ 

0.009^ 

0.036 

0.045 

1.0 

\ 

0,019 

0.025 

0.030 

2.0 


0.016 

0.021 , 

0.025 

10.0 


0.016 

0.021 

0,027 

100.0 


0.037 

0.061 

0.067 

1000.0 


0.130 

0.260 

0.400 






f50* 




j. 

f 



M^C 

a 

''25* 

§ 

X 


m 


1 

_ 

^ Solid 


m 

i 

1 


0 12 5 4 

Fig. VIII 


* Ber. deutsch. chem. Oes., ai, 1578-88 (1888). 

* Ann, Phys. Chem., 43, 839-40 (1891). 

* Gaza, chlm. ital„ aS) II, 423-33 (1895). 

* Jour. Phys. Chem., 14, 189-200 (1910). 






770 


Edward X. Anderson 


Table XVI 


V 

A 

B 

C 

0-5 

0.1176' 

0.0104 

o. 0793 ‘ 

1.0 

0.0136 

0.0076 

O.OII9 

2.0 

0.0126 

0.0065 

0.0105 

10.0 

0.0126 

0.0119? 

O.OI4I 

100.0 

0.0260 

0.0039 

0.0162 

1000.0 

1 0.0400 

0.0215 

0.0415 

Mercuric Bromide .—This 

salt was precipitated from a 

solution of mercuric chloride with potassium bromide, recrys- 

tallized from and thoroughly washed with conductivity 
water and finally dried at ioo°-io5 

Groos* and 
2Vyt. 

Reitzenstein® made the compound HgBrj - 

Table XVII 

V 

h 

hi 

hi 

0.5 

0 . 012 ^ 

! 0.034 

0.043 

1.0 

0.020 

0.026 

0.032 

2.0 

0.018 

! 0.023 

0.026 

10.0 

0 017 

' 0.023 

0.028 

100.0 

0.031 

i 0.047 

0.053 

1000.0 

1 0 13 

' 0.28 

0.29 



* Solid phase present. 

* Arch. Pharm., (3) 28, 73-8. 

* Loc. cit. 
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Table XVIII 


V 

i 

A 1 

B 

C 

0.5 

0.0742 * 

0.0108 

0.0525^ 

1.0 

0.0121 1 

i 0.0090 

0.0119 

2.0 

0.0104 

0.0063 

0.0092 

10.0 

0.0128 

0.0092 

0.0124 

100.0 

0.0207 

0 0051 

0.0142 

1000.0 

0.0462 

0.0014 

0.0246 


Mercuric Iodide .—A method similar to that used for the 
preparation of mercuric bromide was followed in preparing 
this salt, using potassium iodide as the precipitant. Com- 



Fig. X 


plete desiccation was assumed after the salt had been kept 
for some time at the transition point of the iodide. 

The compound Hglo- 2Pyr has been prepared by Groos.^ 
Table XIX 


V 

1 i^o 

1 

1 /ftO 

0.67 

i Solidified 

i 0.013 

I 0.018 

1.00 

0.009 j 

0.013 

’ 0.018 

j 

2.00 

0.008 ! 

0.012 

; 0.015 

10.00 

0.013 

0.019 

j 0.024 

100.00 

0.069 

0. 102 

j 0.117 

1000.00 

0.266 

0 364 

i 0 . 448 


^ Solid present. 
2 Loc. cit. 
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Table XX 


V 

A 

1 

B 

c 

0.67 

_ 

0.0162 

— 

1.00 

0.0186 

0.0130 

0.0188 

2 00 

0.0170 

0.0II8 

0,0169 

10.00 

0.0198 

0.0099 

0.0173 

100.00 

0.0190 I 

0.0059 

0.0139 

1000.00 1 

0.0148 

0.0093 

0.0137 


As a general rule the mercuric halides when dissolved 
in organic solvents exhibit a strong tendency either to polym¬ 
erize, or to unite with the solvent to form complex solvent- 
solute molecules. Walden and Centnerszwer’ determined 
the molecular weights of the three halides in pyridine by the 
boiling-point method and found them to be approximately 
normal in the dilute solutions. In the concentrated solu¬ 
tions, however, the molecular weights are less than normal, 
which, since the low conducting power is evidence of slight 
ionization, must indicate in the solution the presence of sol¬ 
vent-solute complex molecules and complex ions. 

As was to be expected, the equivalent conductivities 
of the three salts are extremely low. The effect of tempera¬ 
ture is relatively slight; the conductivity values for corre¬ 
sponding dilutions are of the same order of magnitude and 
show a minimum conductivity in the regions of greatest 
concentration. 

The values of for mercuric iodide are much smaller 
than those obtained by Lincoln* at 25°. 

Owing to the low conductivity of these solutions and 
the fact that very slight errors are enormously magnified 
in the calculation, no emphasis is made of the exactness of 
the temperature coefficients; they show, nevertheless, dis¬ 
tinct minima. 

Cupric Chloride .—This salt was heated for several hours 
in an atmosphere of dry hydrogen chloride at i6o°--i65°, 
then heated at the same temperatiu'e in a current of dry 


Loc, cit. 
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hydrogen and cooled in a current of the latter; lastly, it was 
heated in an air bath at about 160° for several hours and 
preserved as above described. 

Lang' isolated the compound CuCU • aPyr. 


V 

Tablb XXI 

If, \ In 

h* 

25.0 

! 0.053 ; 

0 062 

0.074 

50.0 

0 066 

0.076 

0.086 

ICX ).0 

0.088 ! 

0 098 

0.111 

200 0 

0 130 

0.146 

0.171 

5cx)-0 

0 203 

0 216 

0.216 

lOOO 0 

0 302 

0 365 

' 0.410 

V 

Table 

A 

XXII 

B 

: c 

25 0 

0.0073 

0.0076 

0.0082 

50 0 1 

0.0059 

0.0052 

0 0059 

KX >.0 

0 (X)45 

0.0055 

0 0053 

200 0 i 

().CK )50 

0.0068 

: 0 0063 

5CX). 0 

0 (X )2 7 

0 0000 

, o.cx)i4 

I CKK>. 0 

0 cx>84 

0 0049 

0.0072 


The curves (Fig. XI) for cupric chloride show an ap¬ 
parent transition for the values of U. The equivalent con¬ 
ductivity increases steadily with increasing dilution. The 
large factor 100, by which / is multiplied, is responsible for 
the marked break in the curves. The temperature coefficients 
show minimum values. 

Ley* obtained a blue solution when he dissolved cupric 
chloride in pjTidine; this solution gave /30 = 0.05, in close 
agreement with the results given in this work for the same 
dilution. Ley assumes that the blue color of the pyridine 
solution is due to an undecomposed cupric chloride-pyridine 
compound and not to copper ions. Kohlschuetter® states 

^ Loc, cil. 

* Ber. deutsch. chetn. Ges.. 37, 1153 (1904). 
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that cupric chloride dissolved in pyridine gives a blue solu¬ 
tion, that is, the color of the solution corresponds to the color 
of the hydrated salt, and, since its molecular weight as found 
by the boiling-point method is normal, its color may be at¬ 
tributed to that of the undissociated cupric chloride. In 
these pyridine solutions there may be complexes of solvent 
and solute of the order of CuCl2’2Pyr, corresponding to 
CuClj *21120, or of a higher order. Naumann’ states that 
cupric chloride dissolves in pyridine with evolution of heat, 
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giving a blue solution and therefore assumes that the com¬ 
plex CuCl2*2PyT is present in the solution. All these inves¬ 
tigators affirm that cupric chloride dissolved in pyridine 
gives rise to a blue solution. All of the cupric chloride solu¬ 
tions used in this work had a beautiful, deep green color 
without the least indication of a bluish tint and, furthermore, 
the solutions remained green for several months,—until 
finally rejected. On the other hand, in making one of the 
trial solubility tests, an attempt was made to weigh directly 
a sample of the dry cupric chloride. The salt absorbed 


1 Ber. deutsch. chem. Ges., 37, IV, 4609 (1904). 
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moisture so rapidly that accurate weighing was impossible. 
Although it was noticed that the edges of the salt mass had 
taken on a greenish blue color, the salt was quickly trans¬ 
ferred and dissolved in pyridine, and, as might be expected, 
the solution was distinctly blue. When, however, the cupric 
chloride was quickly weighed by difference, a deep green solu¬ 
tion was obtained. It is evident, therefore, that the blue 
color observed by Kohlschuetter, Lang, Ley and Naumann 
is due to the presence of a slight trace of moisture. It is 
safe to assert that the green color of a solution of cupric 
chloride in pyridine is due to the pre.sence of CuCla aPyr, 
and the blue color often obtained when supposedly dry cupric 
chloride is dissolved in the same solvent is due to the pres¬ 
ence of CuCl" • aHjO. The values given by Lincoln* at 25 ° 
for L (recalculated from those given for ii) are much higher 
than the above or those given by Ley.' 

Copper Nitrate.— The anhydrous salt was prepared by 
the method of displacement used by Kahlenberg.- A o.i N 
solution of silver nitrate in pyridine was treated with an ex¬ 
cess of finely divided, reduced metallic copper and allowed 
to stand until the solution gave no test for silver. 

Copper nitrate crystallizes from pyridine solutions as 
the complex CufNOjjj • 4Pyr.* 

Table XXIII 


V 

k 

/a j 

/dO 

10.0 

9.68 

12.94 

14.96 

20.0 

5.00 

7.21 

8.88 

40.0 

8 57 

11.60 

14 16 

100.0 

12.08 


20,43 

1000.0 

16.41 

22.88 

29 71 

TO,OCX).0 

19.42 

27.24 

55 - 7 ^ 


’ I/Oc. cit, 

* Jour. Phys. Chem., 3, 379 (1899)- 

® Grossmann* Ber. deutsch. chem. Ges., 37, 1253-7 (19^)4) 
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Table XXIV 


V 

A 

B 

I 

lO.O 

0.0135 

0.0062 

0.0109 

20.0 

0.0176 

: 0.0093 1 

00155 

40.0 

0.0142 

0.0088 ! 

0.0131 

100.0 

0.0144 

0.0097 ! 

0.0138 

1000.0 

0.0158 

0.0119 1 

0.0162 

10,000.0 

0.0161 

0.0124 1 

0.0168 

A study of Fig. XII discloses the fact that copper nitrate 


is peculiat in its behavior, in that, like the mercuric halides, 
it gives minimum conductivity values. After passing through 
the minima the values for /, first increase at a moderate rate 
and then exceedingly slowly with increasing dilution. 
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Fig. XII 


Here again, the temperature coefficients show minimum 
values. 

Cadmium Nitrate. —The pure anhydrous salt was pre¬ 
pared by the displacement of silver in a o,i N solution of 
silver nitrate by means of chemically pure cadmium. 

Table XXV 


V 

lo 

i 

1 

1 


tut 

xo.o 

0 I4I 

i 

0. i6o 

0. 122 

20.0 

0.322 

1 

0.348 

0.288 

40.0 i 

^ 0.402 

i 

0.433 

0.340 

100.0 

0.694 

! 

j 

0-733 

0.630 

1000.0 

2.37 

i 

2.31 

2.44 

10,000.0 

7-40 

1 

1 

8.60 

9.80 
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Table XXVI 


-VT" . - 

-. 

-T- - 

■' - 

V 

; 

A 

B i 

1 

C 

10.0 

0.0052 

1 

—0.0095 

—0.0028 

20.0 1 

0.0033 

—0.0070 

~“ 0.002 I 

40.0 

0.0031 

—0.0086 

—0.003I 

100.0 

0.0023 

- 0.0056 

—0 0018 

1000.0 

—0.0010 

0.0023 

0 0006 

10,000,0 

0.0065 

0 0056 

0.0065 


The equivalent conductivities of cadmium nitrate (Fig. 
XIII) increase quite steadily with increase in dilution. The 
ciuT^es obtained by plotting the temperature coefficients 
are somewhat irregular, but in general show minima of nega¬ 
tive value. The curves run quite closely together, diverging 
only to an appreciable extent in the more dilute solutions. 



Cobalt Chloride - The sample used was partially dehy¬ 
drated in vacuo over phosphorus pentoxide, then heated 
in an atmosphere of dry hydrogen chloride at 140° for twenty- 
foiur hours, and finally in a current of dry hydrogen for fif¬ 
teen hours. The product was of a pale blue color. Reitzen- 
stein^ prepared the compound C0CI2 • 4Pyr. Cobalt chloride 


^ Ivoc. cit. 





Edward X. Anderson 


7J| 

dissolved in pyridine gives a red solution at o°, a violet at 
25", and a deep purple solution at 50°. 


Table XXVII 


V 

k 

1 

lu 

/m 

10.0 

0.009* 

0.012 

0.012 

20.0 

0.015 

0.015 

0.022 

40.0 

0.021 

0.020 

0.024 

100.0 

0.042 

0.045 

0.041 

1000.0 

0.220 

0.230 

0.310 

10,000.0 

0.600 ' 

I .000 

I . 100 



Table XXVIII 


V 

A 1 

{ 

B 

! c 

10.0 

0.0149^ : 

0.0319 

1 0 0293* 

20 0 

0.0019 t 

0.0174 

O.OIOI 

40.0 i 

—0.0021 

0.0082 

0.0028 

100 0 j 

0.0028 

—0.0036 

—0.0005 

1000.0 j 

0.0018 

0.0139 

0.0082 

10,000 0 

0.0267 

0.0040 

0.0167 



^ Solid present 
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Cobalt chloride in pyridine solutions is at best an ex¬ 
ceedingly poor conductor. By some, its solutions are con¬ 
sidered as non-conductors. Consequently, slight errors in 
the work are highly magnified. The results obtained show 
a continuous increase in equivalent conductivity with dilu¬ 
tion for all temperatures. Again, Lincoln’s* values for I, 
at corresponding dilutions are very much higher than the 
values here quoted. The temperature coefficients are like¬ 
wise subject to considerable error, yet even these show definite 
minima at which negative coefficients are observed. 



Werner* and his co-workers found by the ebuUioscopic 
method* that cobalt chloride has the normal molecular weight 
in pyridine. 

Lead Chloride .—The salt was precipitated from chemically 
pure lead nitrate by pure hydrochloric acid. It was then 
thoroughly washed with water and heated to dryness at 120°. 


‘ Loc. cit. 
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Pyridine forms three crystalline compotmds with lead 
chloride, e. g., sPbClj 4Pyr,> 4PbCl2 • sPyr,^ and PbClj aPyr.*^ 
It crystallizes from aqueous solutions in the form of the an¬ 
hydrous salt and shotdd have small hydrating power and 
low temperature coefficients of conductivity. Jones and 
Winston^ find, however, that the temperature coefficients in 
aqueous solutions are relatively high. Apparently the tem¬ 
perature coefficients are not entirely dependent upon the 
amount of solvent separating with the solute when solvates 
crystallize from solution. 

Table XXIX 


V 

lo 

hi i 

ho 

50 0 

0.05 

1 

0.07 

0.10 

100 0 

0.06 

0. 10 

0.15? 

200 0 

0.07 

0 10 

0. 11 

400.0 

0. 12 

0. 18 

0 23 

800.0 

0.20 

0.26 

0.35 

1600.0 

0.35 

0 48 

0.63 


Table 

XXX 


V 

A 

1 

B ; 

C 

50.0 

0 030 

0.019 

0.020 

100.0 

0 025 ‘ 

0.021 

0.030? 

200 0 

0 019 

0.005? 

0.013 

400 0 

0.018 

•0 013 

0.018 

800.0 

0.014 

0.012 

0.015 

1600 0 

0.016 

0.012 

0.016 


Discussion 

The power of a .solution to conduct electricity depends 
upon tlie dielectric constant of the solvent, the degree of dis¬ 
sociation of the electrolyte, the number of ions present and 
their velocities. The degree of dissociation is determined 


* Zeit. anorg. Chem., 4, icx>-110 (1893). 

2 Ibid., 14, 379*-403 (1897). 

^ Jour. Phys Chem., 15, 373 (1912). 
^Am. Chem. Jour., 46, 368 (1912). 
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by the dielectric constant of the solvent and the electro- 
affinity of the ions. For a given potential gradient the ionic 
velocities are in turn dependent upon the viscosity of the 
solution, the mass or the volume of the ions. The mass and 
volume of either or both ions may be further augmented 
by combination with the molecules of the solute to form 
complex ions, or with the molecules of the solvent to form 
more or less highly solvated ions. 

For solutions in a large number of solvents the molecular 
conductivity behaves normally, i. e., it increases with in¬ 
creasing dilution. There arc, however, numerous instances 
like those shown by the mercuric halides in pyridine in which 
the equivalent conductivity decreases, passes through a 
minimum and then rises with increase in the concentration 
of the solute. Such phenomena are considered by many 
as being incapable of explanation on the basis of the Arrhenius 
theory. That increase in molecular conductivity with in¬ 
crease in concentration in some organic solvents is peculiar 
only to the concentrated solutions has been shown by Pearce' 
and others. He, like Sachanov,- found that the molecular 
conductivity of various salts in aniline decreased with in¬ 
crease in dilution to a minimum and then increased normalh' 
upon further dilution. 

Franklin® explains the increase in molecular conductivity 
with increasing concentration as due to an increase in auto¬ 
ionization, which more than compensates for the decrease in 
molecular conductivity due to an increase in viscosity. 

In their study of the conductivity of various inorganic 
salts and non-salt organic solutes in the liquid halogen acids 
Archibald, McIntosh and Steele® found that the molecular 
conductivity increases with increasing concentration. They 
assumed that, while the original solute may of itself be in¬ 
capable of ionizing in the solvent, it may combine with the 

‘ Unpublished results. 

* Jour. Russ. phys. chem. Soc., 4a, 683--690 (19*0). 

* Loo. cit. 

* Zeit, phys. Chem., 55, 129 (1907). 
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solvent to form a complex solvent-solute molecule which, 
behaves as an electrolyte. Accordingly, the number of com¬ 
plexes must increase with the concentration and, likewise, 
the molecular conductivity must increase, due to an increase 
in the total number of ions. These investigators used the 
expression 

M, = aK' = xV", 

where a, x and V represent the degree of dissociation, the 
specific conductance and the volume, respectively. K' is 
a constant and n is the number of simple molecules of solute 
combined with m molecules of solvent. By means of this 
relation they calculated the molecular conductivity and 
found it to increase normally with dilution. It is obvious 
that when a is equal to unity, 

M* = K'. 

Evidently these investigators did not consider the fact 
that the amount of solvation per molecule of solute will 
vary with the dilution and must necessarily decrease as the 
concentration of the solute is increased. Where solvation 
is possible it is difficult to conceive how the complex, say, 
in) solute-(wj) solvent can remain unchanged throughout a 
wide range in concentration. 

Sachanov has studied the molecular conductivity of 
various solutions in acetic and propionic acids* and in aniline, 
methylaniline and dimethylaniline.- In practically every 
case the molecular conductivity was found to increase with 
increasing concentration. All of these solvents have low 
dielectric constants and slight dissociating power. In a later 
article,'’ he .states that a decrease in molecular conductivity 
with increasing dilution is just as characteristic for solvents 
with low dielectric constants as is an increase in molecular 
conductivity for solutions in solvents with high dielectric 
constants. He'' asserts that electrolytic dissociation does 

* Jour. Russ, phys. chem. Soc., 43, 526 (1911). 

* Ibid., 44 > 324 (19*2); 4 »* 683 (1910). 

’ Zeit phys. Chem., 80, 13 (1912). 

* Ibid., 80, 20 (1912). 
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not depend solely on the magnitude of the dielectric constant, 
but also on the solvates and complex ions. The fonnation 
of such ions favors electrolytic dissociation because the elec¬ 
tro-affinity of these complex ions is greater than that of the 
simple ions. In solvents with low dielectric constants only 
the complexes which yield complex ions of high electro¬ 
affinity can undergo electrolytic dissociation. The decrease 
in electrolytic conductivity in such solvents is explained as 
being due to the composition of these polymerized solute 
molecules on dilution. 

An examination of the curves plotted from the data 
will show that the electrolytes used in this work are of two 
types. First, those which give minimum conductivity values 
at all temperatures, viz., the mercuric halides and copper 
nitrate. Second, those like the nitrates of silver and cadmium, 
the chlorides of lithium, cobalt, copper and lead, the iodides 
of lithium and sodium, lithium bromide, and the thiocyanates 
of potassium and ammonium, which upon dilution give in¬ 
creasing values of /». 

The phenomenon of the molecular conductivity increas¬ 
ing with increasing concentration is considered by some as 
being at variance with the Arrhenius theory. However, 
an attempt will be made in the present discussion to show that 
this anomalous behavior is due entirely to the presence and 
the properties of the polymerized solute molecules which 
are present in solutions showing such phenomena. 

The most dilute solutions studied by Walden and Cent- 
nerszwer’ correspond to those concentrations which give 
the minimum conductivity values in this work, and hence 
we have no experimental evidence as to the .state of aggrega¬ 
tion in the very dilute solutions. Assuming only the ioniza¬ 
tion of simple molecules, their results would seem to show 
that these molecules are ionized in the concentrated, but 
undissociated in the dilute solutions, which is contrary to 
common experience. That some ions are present at all dilu¬ 
tions is evident from the conducting power of these solutions. 

' Zclt. phys. Chem., 55, 231 (1906). 
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The abnormal boiling-point results noted must, therefore, 
be due to such an equilibrium between the various forms of 
the electrolyte present in the solution, viz., simple and com¬ 
plex molecules, simple and complex ions and the pyridinated 
forms of each, as would give the molecular weights obtained. 

Let us consider, as an example of the first type, the solu¬ 
tions of mercuric chloride, and what is said concerning them will 
apply, for the most part, to the other salts which give min¬ 
imum conductivity. This salt is very soluble and has a strong 
tendency to combine with p)Tidine to form stable salts with 
pyridine of crystallization. Naturally, then, we would ex¬ 
pect it to combine with still more pyridine when in solution 
in this solvent. Walden and Centnerszwer* have found 
that the mercuric halides exhibit a strong tendency to polym¬ 
erize in pyridine solutions, just as they do in most solvents. 

We should expect to find in these solutions the simple 
and polymerized molecules of mercuric chloride, the simple 
and complex ions and the solvated ions and molecules. The 
number and kind of each will depend upon the dilution. 
The equilibria between the different forms of the solute 
may be represented thus: 

(1) IlgCb + miPyr “IZJ HgCh-mjPyr 

(2) 2HgCl2'm)PyT (HgCl2)2-msPyr 

As the concentration of the solute is increased the equi¬ 
librium will naturally be disturbed and the resulting effect 
will be a corresponding increase in the concentration of the 
polymer. Hence the reaction wiU proceed from left to right, 
as in (2). It is evident from the increase in conductivity 
in the most concentrated solutions that the dissociation of 
the polymerized molecules must be greater than that of the 
simple molecules. The conditions of equilibria may be repre¬ 
sented by the following relations: 

(3) (HgCl2)2. niiPyT Hg • WgPyr -f- HgCh' »M4Pyr 

In the most dilute solutions where the simple molecules 
predominate, we shall have the equilibrium represented by 


^ Loc. cit. 
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(4) HgCl* • mjPyr HgCl • WtPyr -f Cl • »i«Pyr, 

and possibly to a slight extent, 

4- 4-4- 

(5) HgCl ■ msPyr Hg • WsPyr + Cl WoPyr. 

In the intermediate concentrations all of these equihbria 
will be found to a greater or lesser extent. The degree of pyri- 
dination of the various solute particles (m\, nh, etc.) will 
depend upon the dilution. 

Inasmuch as the molecular weight of mercuric chloride 
in pyridine approximates the normal value, and, therefore, 
the effect due to polymerization must approximately annul 
that due to dissociation and solvation, the extent of the poly¬ 
merization must be slight, because the conductivity is low. 
Hence we may attribute to the polymerized molecules a strong 
ionizing power and, consequently, a high degree of dissocia¬ 
tion in these solutions. 

All the solutions used in the present work were made up 
under the a.ssumption that no polymerization of the solute 
takes place. It is, therefore, ex’ident that the actual normali¬ 
ties of the concentrated solutions with respect to the ionizing 
polymers are less than assumed in preparing the solutions. 
For example, if exactly one gram-molecular weight of mer¬ 
curic chloride is dissolved in pyridine and tlien diluted to 
one liter and, if it is assumed that all the simple molecules 
combine in pairs to form single molecules of the polymerized 
form, the normality with respect to the polymer will be o 5 A/^ 
instead of i.oN, as would be the case, if no polymerization 
takes place. If, on the other hand, only a fraction of the 
simple molecules combine to form the polymerized form, 
the normality of the ionizing polymers will be still less, and 
will always be one-half the fractional molar concentration 
of the simple molecules which have become polymerized. 
If we are then dealing with ionizing polymers, the degree of 
dissociation for a given solution in the concentrated regions 
will be relatively much higher than it would be if we were 
actually dealing with the normality at which the solutions 
are originally made up. 
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In order to explain tninimum conductivity the following 
equilibrium equation will be used as a guide: 

aHg'*"'' + 4 C 1 “ sHgCl"*" + 2 C 1 ~ 

aHgCh (HgCl*)* ±1;: Hg-n- + HgCU— 

In the concentrated solutions the ions present will re¬ 
sult from the dissociation of the polymers. There will be 
only a very slight tendency towards simple ionization and 
this will be impeded by the repression of ionization due to 
the mercury ions. As the most concentrated solutions are 
dilute the equilibrium will be disturbed and polymers will 
change over into simple molecules in obeyance to the law 
of mass action. Hence the concentration of the ions formed 
from the polymers will decrease, although the dissociation 
of the remaining polymers will become more and more com¬ 
plete with continued dilution. The result will be a decrease 
in the equivalent conductivity. As dilution is continued 
the influence of the simple ionization wrill soon become effec¬ 
tive on account of the polymers being converted almost com¬ 
pletely into simple molecules. These in turn furnish a pre¬ 
ponderance of simple ions which will cause the repression 
of the complex ionization. The equivalent conductivity 
should, therefore, begin to rise again and continue to do so 
with an increase in dilution. This, then, would mean that 
the minimum values would be encountered for the equivalent 
conductivity. Of cotuse viscosity changes as well as solva¬ 
tion effects are taking place with dilution. The latter would 
naturally change the sizes of the ions and, therefore, alter 
the freedom with which they would move. The decrease in 
viscosity would also result in greater freedom to the mobility 
of the ions. However, all these last mentioned factors would 
be subordinated to the changes in the concentrations of the 
various kinds of ions, as just outlined. 

Solutions of silver nitrate, lithium bromide, lithium 
iodide, and the thiocyanates, of ammonium and potassium 
all possess high conductivity values. The most concentrated 
solution of each is noticeably viscous. On the other hand, 
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cadmium nitrate and the chlorides of lithium, cobalt, copper 
and lead are only slightly soluble in pyridine. Their most 
concentrated solutions have apparently low viscosities. The 
equivalent conductivities shown by these electrolytes are very 
low. Hence, within the limits of these facts, the viscosity 
is not the predominating effect in their conductivity. 

Another point in connection with the salts just men¬ 
tioned is the fact that, generally speaking, the binary salts 
are the better and the ternary salts the poorer conductors. 

The existence of minima of temperature coefficients 
of equivalent conductivity seems to be a general phenomenon 
in pyridine solutions. The solvation per molecular weight 
of the solute is greatest in the more dilute solutions. Owing 
to the greater concentrations of the solute, however, the con¬ 
centrated solutions will contain a much greater percent of 
combined p>Tidine, the degree of solvation decreasing with 
increasing concentration. The instability of these solvates 
increases not only with increase in complexity but also with 
increase in temperature. 

The minima of the temperature coefficients may be ex¬ 
plained on the ba.sis of viscosity and ionic solvation. We 
would expect the greatest temperature changes in the most 
concentrated solutions. Here the viscosity is greatest and 
the percent of pyridine locked up as that of solvation is at a 
maximum. The effect of the decrease in the complexity of 
the solv^ates due to a rise in temperature would be to increase 
the amount of the pure solvent. This in itself means a de¬ 
crease in the viscosity of the solution. Then, too. the rise 
in temperature results in a decrease in the viscosity of the 
pure solvent. For these reasons the solvated ions, which in 
themselves may or may not have suffered an appreciable 
change, due to the rise in temperature, are able to migrate 
more rapidly. In the less concentrated solutions the vis¬ 
cosity changes due to a rise in temperature will be less pro¬ 
nounced. Hence the values of the temperature coefficients 
will decrease. While the decrease in the viscosity change 
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with dilution is going on the ionic solvation is increasing. 
The instability of the solvated ions with rise in temperature 
is also increasing with dilution. As the temperature is raised 
the decrease in the complexity of the solvated ions will cause 
an increase in their mobility. Thus we can readily under¬ 
stand how the solvated-ion effect can annul that of the vis¬ 
cosity. It is this condition which gives rise to the minimum 
temperature coefficient values. As the increase in dilution 
continues the ion solvation effect becomes the sole factor 
and hence we obtain a steady increase in the values of the 
temperature coefficients. 

Another point to be noted is that the temperature co¬ 
efficients are greater between o° and 25° than those obtained 
for the interval 25°-50°. Since the decrease in the com¬ 
plexity of the solvated ions caused by a rise in temperature 
must be greatest in the region of greatest complexity, a greater 
change should be expected at temperatures favorable to a 
higher degree of complexity, i. c., between 0° and 25°. 

No explanation can be offered for the negative tempera¬ 
ture coefficients in the cases of lithium bromide, sodium 
iodide, cobalt chloride and cadmium nitrate. 

Comparing the magnitudes as well as the relative changes 
of temperature coefficients with dilution for the different 
electrolytes there seems to be no direct relation between 
these and the amount of p)Tidine with which they are com¬ 
bined when they crystallize from solution. 

In general, the binary salts show the highest equivalent 
conductivity. The ternary give the lowest. There are, 
however, two notable exceptions to this generalization: 
lithium chloride, a binary salt, gives very low, while copper 
nitrate, a ternary salt, gives comparatively high values of the 
equivalent conductivity. 

So far as the effect of so'vation on conductivity is con¬ 
cerned, there is no reason for assuming the combination of 
solute and solvent as essential to the increase of electro¬ 
affinity, as Sachanov* has done. After the ions are once 


1 l(OC. cit. 
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formed then combination of the same with the solvent may 
modify their electro-affinity to some extent. 

Inasmuch as the dielectric constant of pyridine (20) 
varies little within the temperature range studied its effect 
must he practically constant throughout. Since pyridine 
is considered as a non-associated solvent’ this factor would 
not enter into the problem. 

Summary 

A study of the equivalent electrical conductivity of solu¬ 
tions of fifteen salts in pyridine has been made at three tem¬ 
peratures, viz., 0°, 25° and 50°. 

Two classes of electrolytes are to be observed, (i) Those 
for which the equivalent conductivity increases throughout 
with increasing dilution; (2) those which give minimum 
values of equivalent conductivity. 

The values of the temperature coefficients between 0° 
and 25° are higher than those between 25° and 50°. An 
explanation is offered. 

An explanation for the minimum values of equivalent 
conductivity has been advanced. 

It has been shown that the anomalous behavior in equiva¬ 
lent conductivity is due entirely to the presence and proper¬ 
ties of the ionizable polymerized solute, which predominates 
in the concentrated solutions. 


^ J, h. R. Morgan Jour, Am. Clu*m Soc., 30, 1068 {iqoS). 
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The Chemistry of Colloids. By W. W. Taylor. 14 X ig cm; pp. viii -f 
328. New York: Longmans, Green & Co., 1915. Price: $2.00 net. — ^Any book 
on colloid chemistry written in English is helpful nowadays. The author divides 
the subject into four parts: general properties of colloids; methods of preparation; 
adsorption; applications of colloid chemistry. Under general properties of col¬ 
loids the headings are: introduction; general differences between suspensoids 
and emulsoids; diffusion and dialysis; osmotic pressure and molar weight; optical 
properties; Brownian movement; tlie size of particles and ultraiiltration; elec¬ 
trical properties; precipitation; protection and mutual precipitation; the prop¬ 
erties of gels Under methods of preparation the chapters are: introduction; 
crystallization methods; solution methods; electrical dispersion methods. Ad¬ 
sorption is treated under the three subdivisions surface phenomena; surface 
concentration; adsorption Under applications of colloid chemistry the author 
discusses' semi-colloids; dyeing; tanning, the soil, and purification of sewage; 
applications of colloid chemistry to biology 

The book is frankly a compilation, the author contributing practically noth¬ 
ing, not even a i)oint of view It seems to the reviewer that tlie general ar¬ 
rangement is faulty vSince colloidal .solutions owe their stabilit)'’ in general 
to adsorbed substances, the phenomena of adsorption should be taken up first 
and not last Unless one does this, the treatment is necessarily empirical. 

The author spells cathode in the German fashion There is practically 
nothing on emulsions c.xcept a couple of references to Hatschek’s oil emulsions 
and there is not even a reference to the possibility of two types of emulsions. 
It is not the author’s fault that his chapter on dyeing only comes down to 1913; 
but it is a singular piece of hard luck for him that he should have chosen that 
particular topic for one of the applications. As a matter of fact he has not read 
Pelet-Jolivet’s book with any thoroughness, though he refers to it The re¬ 
viewer does not like the statement, p. 274, that “as a broad generalization mor¬ 
dants may be said to be ‘ colloidogenic’ substances, i. e, they are themselves 
truly soluble, but by various changes give rise to colloids, cither sols, or more 
usually gels ’’ The author is considering aluminum acetate and stannic chloride 
as mordants, whereas the reviewer believes that the mordants are aluminum oxide 
and stannic oxide 

On p 264 the author says that “casein is insoluble in water, but is essentially 
acid, as is shown by the reddening produced by pressing moist casein on to blue 
litmus paper.’’ This involves the same fallacy as the one about acid soils. It 
is not a mistake which a writer on colloid chemistry should make. 

While the book is distinctly a disappointment when one considers what it 
might have been or should have been, it is perhaps fairer to judge it as the only 
JCnglish text-book available. Since it has no competitors, it is necessarily the 
best of ts kind Wilder D. Bancroft 

Surface Tension and Surface Energy and Their Influence on Chemical 
Phenomena. By R. S Willows and E. Hatschek. . jj X 19 cm; pp. viii -f 80. 
Philadelphia: P. Blakiston*s Son and Co., 191$- Price: $1.00 net .—“The present 
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-small book is based on a course of lectures delivered at the Sir John Cass Tech¬ 
nical Institute by one of the authors, in response to the wishes of a number of the 
students who had attended the course on colloids.” 

The general treatment is: existence and theory of surface tension; relations 
between surface tension and other physical constants; relations between surface 
tension and chemical constants; factors affecting distribution of a solute in solu¬ 
tion; effect of electric cliarge on surface tension There is an interesting passage, 
p. 31, in regard to Traube’s theory that surface tension phenomena are the cause 
of osmotic pressure "It may be remarked here that Traube's theory is rather 
a theory of osmosis than of osmotic pressure and that, as regards the latter, it 
has proved incapable of giving any numerical results It is also open to a num¬ 
ber of grave objections, which we will state very briefly. A solution of sahein 
in water has low'er surface tension than water, yet water passes into it through 
tu membrane, as it also does into a mixture of ethyl alcohol and water. Ac¬ 
cording to Traube’s theory this should be impossible. A fimther deduction from 
Traube’s theories has also proved untenable. According to them, no diffusion 
through a membrane from a solution into the solvent should be possible if the 
former has a higher surface tension than the latter; in other words, the membrane 
behaves as an impermeable membrane to this system Traube assumes that 
it becomes permeable, i e., that diffusion takes place, if a substance is added 
which reduces the surface tension below that of the solvent This assumption 
has also been proved incorrect by experiment. 

“In view of the great importance of osmotic phenomena in organisms and 
of the difficulty of explaining many of them by the classical theories, Traube’s 
views have receiv^ed some attention from biologists and have given rise to various 
investigations, one of which deserves mention. This was carried out by Czapek, 
with the object of determining the * surface tension’ of the contents of plant cells. 
He made solutions of various organic substances, in which the ctdls were im¬ 
mersed, and noted the concentrations at which the contents just began to diffuse 
outwards. In accordance with Traube’s theories he assumed that at this point 
the surface tension of the solution and that of the plasma were equal Kxos- 
mosls occurred with all .solutions when their surfac'C tension w'as reduced to 
0 65 and o 68 that of water, whence Czai>ek concludes that this is the surface 
tension of the cell contents. While we cannot consider this conclusion warranted, 
the fact that .solutions of equal surface tension prixluce exosmosis is certainly 
remarkable. It seems probable that an explanation may be found in adsorp¬ 
tion as has been the ca.se with many ‘ poisoning ’ phenomena w^hich could not be 
explained by osmotic pressure alone.” 

It is unfortunate, almost inexcusable, that no references are given. 

Wilder D, Bancroft 

Elektrochemie wMsseriger Losungen. By Fritz Foerster Second edition 
j6 X 24 cm; pp. xidii -f* 804. Leipzig: J. A Barth, igi$ Price: 30 marks 
paper, 31.30 bound. —The first edition was reviewed ten years ago (g, 782). 
The new edition is quite a different book and far superior to the first, though 
the general treatment is the same as before and there is no change either in 
the number or in the headings of the chapters. The whole book is so good that 
it is almost unfair to cite special sections. The paragraphs, on electrical endos- 
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mose are very good, p. to8, and the pages cm electrolytic addition agents, p. 333, 
are the best that the reviewer has seen. There is a very clear account of the* 
working of the different accumulators^ p 200, though the reviewer thinks that 
a reference to the elimination of sulphating by use of a sodium sulphate solution 
would have been wise. The process is a very useful one and is interesting theo¬ 
retically. The author has given a very clear account of the phenomena of pas¬ 
sivity, pp. 186, 367. While one may not agree with the view, p. 269, that over¬ 
voltage is due to the formation of hydrogen alloys, the author has presented his 
case well. He has done as well as could be expected with the very unsatisfactory 
subject of ozone and hydrogen peroxide, p. 297. The author now classifies 
methods of electrolytic analysis, p. 400. explicitly as constant voltage and con¬ 
stant current methods, and consequently has corrected the erroneous state¬ 
ment in the first edition that rapid methods cannot be used for electrolytic 
separations. The theory of slow electrolj'tic reductions, p. 309. is put in a very 
good form and of course the author’s special chapter on the electrolysis of halogen 
compounds is very well done. Besides these major points there are a number 
of minor points throughout the book which were of great interest to the re¬ 
viewer. There are so many sloppy books published ntjwadays that it is a real 
pleasure to find a first-class book, written with care by a man who knows his 
subject. Wilder D Bancroft 

The Electrical Nature of Matter. By Harry C Jona. 7 'hird edition. 
22 X 16 cm; pp. via -j- 212. Nenv York: D. Van Nostrand Company, jqi^. 
Price: $2 00 .—The third edition does not differ materially from the second 
(15, 508). An occasional line has been changed, a paragraph has been put in 
here and there where there was a blank half page, and there has been added a 
page, p. 204, in regard to the work on the atomic weight of radioactive lead. The 
most interesting of the added paragraphs is the one on p. 48 

"The recent work of Laue, Bragg and others has changed our conception 
as to the nature of the X-ray. If the rays were a regular series of vibration.s in 
ether, with wave-lengths say of molecular dimensions, when allowed to fall on 
a grating with a distance between the lines also of molecular dimensions, we 
would have produced an X-ray spectrum. A crystal is just such a space-grating. 
When X-rays are reflected from a crystal, we have produced spectra of various 
orders. From the positions of the spectra of the various orders, and the intcr- 
molccular distances in the crystals, we can calculate the approximate wave¬ 
lengths of the X-rays. These wave-lengths vary, but are of the magnitude of an 
Angstrom unit. This means that X-rays are not a series of irregular pulses 
in the ether as vStokes supposed, but like light a series of regular vibrations. The 
X-rays differ from light in that the lengths of the ether waves are much less. This 
explanation of the nature of the X-ray is in harmony with its properties.” 

Wilder D. Bancroft 
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